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Introduction 


The modern transformer is a sophisticated piece of electri¬ 
cal equipment. It consists of a large number of components 
varying with transformer type, application and capacity. 
Assembly is the final stage in the manufacture of transfor¬ 
mers. Before they come into the assembly department, 
the transformer components go through a chain of opera¬ 
tions in other departments. The principal units that reach 
the assembly department are the core, the coils, the insu¬ 
lation, the tap-changing (voltage-control) equipment, the 
tank, the conservator, the terminal bushings, and also the 
instruments and protective devices. 

The assembly of transformers involves a variety of ope¬ 
rations, such as the unblading and reblading of the top 
yoke, assembly of the coils on the core, the assembly and 
connection of the leads, the application of insulation, etc. 
The drying of the core-coil assembly, oil-filling, the paint¬ 
ing of the tank, etc., are also part of the assembly process. 

In view of the multitude of operations coming under 
the heading “assembly”, it is customary to break them 
down into several stages: 

—assembly of the core-coil unit (1st stage); 

—assembly of the leads and making of the connections 
in the core-coil unit (2nd stage); 

—tanking (3rd stage). 

The objective of the 1st stage is to put together the core 
and the coils into a single unit. At this stage, the top yoke 
is unbladed, the insulation installed, the coils assembled 
on the limbs, the top yoke rebladed and clamped up. With 
some transformers, neither the yoke has to be taken apart, 
nor the coils assembled on the limbs. Instead, steel punch- 
ings are inserted into the horizontally placed coils until 
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the core is fully stacked, the yokes clamped, and the as¬ 
semble^ core-coil unit is rolled up upright. 

The 2nd stage covers all the operations necessary to as¬ 
semble the leads and to make the connections in the trans¬ 
former. Then the core-coil unit with the leads mounted 
and connected up is placed in a vacuum drier. As a result 
of the drying operation, the insulation and the coil shrink, 
the lead and coil clamp's work loose. This is why after the 
drying operation the core-coil assembly is “finished” before 
it is placed in the tank. 

In the 3rd stage, the transformer fittings and accessories 
are mounted on the tank cover, the core-coil assembly 
tanked, and the transformer filled with oil. Then the trans¬ 
former is handed over to the testing station for tests. 

After the test, a nameplate is affixed to the tank, the 
paintwork touched up, and the transformer shipped to the 
user. 

This brief outline can only give a very scanty idea about 
the many and diverse operations involved in the assembly 
of transformers. 

The quality and reliability of transformers depend on 
the knowledge, skills and workmanship of their makers. 
This is why it. is vital for a good transformer assembler to 
do his job intelligently, to know the purpose and place of 
every unit in the transformer and to be clearly aware of the 
conseqtiencies of 4 iny departure from the established prac¬ 
tices and drawings. 

An inherent feature of transformer assembly is that it 
Ls difficult or even impossible sometimes to detect before 
the tests any*negligence or a mistake on the part of the 
assembler by the way he does his job. For this reason, 
every assembler should know how the transformer operates, 
its performance characteristics, and the construction of the 
main units. IL is especially important for him to know 
how' the quality of assembly affects the performance, eh 
ficiency and reliability of the transformer. 

Before we go over to the assembly of transformers, it 
will be a good fhing to discuss why transformers are used, 
why and !low they opcrale, what parts they consist of, and 
what materials go to make the parts. Without this, one 
cannot make a good transformer assembler. 


Chapter 

1 Transformers 


/. The Purpose of the Transformer 

Electric energy is mainly generated by fuel-fired (thermal) 
and hydro-electric stations. Fuel-fired stations produce elec¬ 
trical energy by burning coal or gas, while hydro-electric 
stations utilize the energy of falling water. 

Hydro-electric stations are built where water power re¬ 
sources are available, their construction is technically fea¬ 
sible and economically warranted. Fuel-fired stations are 
advantageous to build near large deposits of fossil fuel 
worked on a commercial basis. 

As often as not, however, a locality convenient for a 
hydro-electric or thermal station has very few, if any, fac¬ 
tories which would use all of the energy generated, the 
more so that it is economically more attractive to build 
J)ig power-generating plants producing large blocks of power. 

For full utilization the energy produced has to be trans¬ 
mitted to localities where high demand for it exists—to 
large industrial centres and districts. Unfortunately, such 
industrial districts may lie hundreds and thousands kilomet¬ 
res away from power sources. By way of example, the hydro¬ 
electric stations on the river Volga in the Soviet Union 
are several hundred kilometres from the Donets coal fields 
and the Urals, and a thousand kilometres away from Mos- 

(‘.OW. 

From this follows the need for vast transmission lines 
l)(q,ween the generating plant and the consumers. It should 
!)(' nuuembored, however, that some of the power is in- 
ovil.ably lost due to the heating of the line conductors. Every 
olTorl, should therefore be made to keep these losses to a 
itiinintuni. 
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As will be recalled, the watts lost as heat in conductors 
are given by 

' P = PR 

where / is the current in the conductors in amperes and 
R is the resistance of the conductors in ohms. 

It is not economical to seek to reduce I^R losses in con¬ 
ductors by decreasing their resistance i?, because this 
would call for wires of a large diameter (cross-sectional 
area), i.e., for a greater amount of scarce materials, which 
is out of the question where great distances are involved. 
Obviously, a better road to take is to reduce the value of 
current, the more so that the I^R losses in a line are pro¬ 
portional to the square of the current. With the current 
reduced to one-half, one-third or one-fourth, the losses 
would decrease by a factor of four, nine and sixteen, res¬ 
pectively. 

A decrease in the current, however, should not affect 
the power transmitted over a line; it should remain the 
same. As is known, power P is equal to current I times 
voltage F, or 

P = VI 

where V is the voltage in volts and I is the current in am¬ 
peres. 

Thus, the transmission of a constant amount of power 
at a low value of current is possible only if the voltage is 
increased as the current is decreased. If the current is dec¬ 
reased by a factor of two, three or four, the voltage should 
be raised two, three or four times, respectively. In other 
words, for any change in the current and voltage, the 
product VI =P should remain unchanged. 

This leaves us with the obvious choice of a method for 
decreasing power losses in a transmission line: a reduction 
in current and an increase in voltage. 

For many technical reasons, however, generators cannot 
be made for very high voltages. Even the biggest units 
are built for not higher than 15 to 18 kilovolts. This volt¬ 
age can be used only for power transmission over smail 
distances. Economical power transmission over distances 
of several hundred or thousand kilometres requires higher 
voltages (500, 750 kilovolts or higher). 


2. Wte Primary and Secondary Circuits 
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This is where the transformer comes into the picture, 
a piece of apparatus without moving parts which, by elec¬ 
tromagnetic induction, transforms a.c. power at the gene¬ 
rator voltage into a.c. power at a voltage convenient for 
transmission. At the hegilining of a power transmission 
line the voltage is raised by step-up transformers. At the 
end of a transmission line where power is distributed among 
various consumers (factories, residential areas, etc.), the 
voltage is lowered by step-doum transformers to a value 
convenient for users. 

Electric motors, household appliances and lamps are 
usually luadB for 127, 220 and 380 volts. At th.es0 icla- 
lively low voltages power can be used economically, while 
peopie can be protected from the danger of electric shock 
by sufficiently simple means. 

' To cater for the various groups of users, transformers 
arc built in a great variety of capacities and voltage classes, 
lixisting transformers have capacities from a few volt- 
amperes to several hundred thousand kilovolt-amperes, 
while the capacity of all the installed transformers is six to 
seven times the capacity of the generators producing elec¬ 
tric energy. 

2. The Primary and Secondary Circuits, E.M.F. 

and Magnetic Circuit of the Transformer 

For its operation the transformer depends oii electro¬ 
magnetic induction. When current is flowing in one of 
tlie two windings (say, P in Fig. 1), it sets up an alternat¬ 
ing magnetic Hux t&o about it. The alternating flux links 
the S winding, and induces an e.m.f. in it by its rate of 
change. This is the e.m.f- of m.utual Induction. 

If the S winding is connected across a load r, the e.m.f. 
of mutual induction will give rise to a flow of current 
III rough the load, thereby transferring some of the energy to 
it The S winding receives this energy hy virtue of the uiag- 
iietic field established hy the current flowing in the P wind¬ 
ing, while the supply circuit to which the P winding is 
c.mmected makes up for the energy transferred. Thus, ow¬ 
ing to magnetic interlinkage, the energy of the supply cir¬ 
cuit is transferred from one winding to the other. 
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The current flowing in the P winding is called the ex¬ 
citing ^r primary current. It is designated by the letter 
/i. The electric circuit containing the supply source, the 
connecting wires and the P winding is referred to as the 
primary circuit. 



1. Magnetic couplijig between two coils carrying alternaliiig 
current: 

P —primary coil; S—secondary coil; R —rheostat to control current in primary coil 

The magnetic flux links both the S winding and the 
P winding. For this reason, an e.m.f. is also induced in 
the P winding. By Lenz’s law, this e.m.f. opposes the 
cause producing it, and for the P winding it will be the 
counter- or hack-e.m.f. of self-induction^ Ei. 

The e.m.f. induced in the S winding is known as the 
secondary e.m.f. and is designated by the letter £ 2 . The 
circuit connected to this winding is called the secondary 
circuit, and the current ftowing around it is referred to as tlm 
secondary current, /a. Also byLenz's law, the secondary cur¬ 
rent sets up a magnetic flux about the S winding. This flux 
opposes the primary magnetic flux 0o, thereby weakening it. 

In order to strengthen the magnetic flux set up by the 
primary current, the P and S wind in gs are put on a steel 
core. The steel core (or the magnetic circuit, as it Is called) 
strengthens the magnetic flux 0U and, consequently, the 
secondary e.m.f. E% (at a in Fig. 2). Owing to the high 
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permeability of the core, the magnetic flux 0o (at b in 
Fig. 2) has its path wholly in the core (at a in Fig. 3). 

The transformer core may be pictured as consisting of 
a great number of cylindrical layers which form closed 
paths in cross section. It may also be pictured that in each 
of those closed paths linked by a portion of the magnetic 
flux an e.m.f. and a current are produced. 

These are eddy currents, so called for the reason that 
they follow curved paths similar to those of air vortexes. 
When they flow in the transformer core, eddy currents 
heat it, thereby causing waste of some of the energy sup¬ 
plied by the source to the primary winding. For this rea¬ 
son, they are also called parasitic currents. 

If the transformer core were made solid, its resistance 
would be low, and eddy currents would grow to a high value, 
involving heavy losses of power (the eddy-current loss). This 
is why every effort should be made to reduce them. Although 
(uldy currents cannot be eliminated completely, they can 
he kept to a minimum, so that the core is heated but 
liUlo. 

This can be done by reducing the e.m.f. induced in the 
(‘-ore and by increasing the resistance of the core, because 
! ^EIR, The e.m.f. in the core is reduced by building up 
llie core with thin steel laminations insulated one from 
another by varnish, paper or glass. In this way the total 
lliickiiess Z of a solid core is divided into thin layers of 
thickness dl. The laminations (also called punchings or 
stampings) are arranged to be parallel with the lines of 
magnetic force (as at h in Fig. 3). In this way the length 
of tlio closed paths in which e.m.f.s and eddy currents are 
set np is sharply reduced. Referring to the figure, the ed¬ 
dy (Mjrrents 2 circulate in each separate lamination without 
flowing through the entire thickness of the core. 

lt(H:ause of the reduced e.m.f. and the increased resistance 
of the core, the eddy currents are decreased. To reduce them 
hIMI more, silicon is added to transformer steel. The addi- 
lloii of silicon increases the resistivity of the steel without 
Impairing its magnetic properties. 

I'lddy currents are not the only cause of heat dissipa- 
lloii In the core. A further cause is the reversal of the mag- 
iietlMin of the core due to the continuous variations of the 
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Fig. 2. Primary and secondary windings on a steel core: 

a —at no-load (with secondary coil open-circuited); h —under load (with secon¬ 
dary coil closed); P—primary winding; S—^secondary winding;JCS—knife-switch 



Fig, 3. Eddy currents in the core: 
a — solid core; b — laminated core; i—core; 2—eddy currents;.^—core Jarninations 
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magnetizing current both in magnitude and direction. The 
losses of power in the transformer core due to reversal 
of magnetism are called the hysteresis loss. 

3. The Transformer at no-Load 

The operation of the transformer at no-load can be con¬ 
veniently studied on a model of a single-phase transformer 
(at a in Fig. 2) in which the primary P and the secondary 
S are placed on separate cores. 

Referring to the figure, an alternating voltage is im¬ 
pressed on the primary, and the secondary is open-circuited, 
Jn a practical transformer, this may happen when the pri¬ 
mary is connected to the supply line, while the load supplied 
by its secondary is disconnected. The primary is traversed 
by current /o, while no current is flowing in the secondary, 
because the secondary circuit is opened. This is the opera¬ 
tion of a transformer at no-load. 

The current /o flowing in the primary sets up in the 
core a magnetic flux Oq which is a sinusoidal function of 
lime. The current /o taken by the primary winding when 
the secondary winding is open-circuited is called the no- 
load or exciting current of a transformer, and the magnetic 
flux ^0 is known as the main or mutual magnetic flux. 

Since the alternating magnetic flux 0q links both wind¬ 
ings of the transformer, it induces an e.m.f. in each, the 
one in the primary being the counter-e.m J. of self-induction 
and that in the secondary the e.m.f. of mutual induction 
hLi. Tlic elToctive or r.m.s. values of these e.m.f.s are given by 

= 4.44/Ti0omax 10"^ volts 
E^ = i.UfT^0Omax 10-^ volts 

wliere T^ and T^ =number of turns in the respective wind¬ 
ings 

/^frequency in cycles per second 
CPomax=inaximum value of the mutual magnet¬ 
ic flux. 

Dividing Ei hy E 2 gives 

E2 T 2 


2-1102 
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This ratio expresses one of the principal characteris¬ 
tics of a transformer: the e.m.f. induced in each of the 
transformer windings is proportional to its respective num¬ 
ber of turns. 

The turns ratio TJT< 2 ,—k is also called the transforma¬ 
tion ratio of a transformer. If the generated voltage is to 
be stepped up 10, 100 or 1,000 times, the transformer wind¬ 
ings should be so made that the secondary winding has 10, 
100 or 1,000 times as many turns as the primary winding. 
Then the secondary winding will be the H,V. {high-voltage) 
winding, and the primary winding will be the L.F. (low- 
voltage) winding. The L.V. side is connected to the supply 
line, and the H.V. side is connected to the receiver circuit. 
Conversely, if the supply voltage is to be stepped down, 
the ratio of the turns in the windings should be reversed, 
the supply circuit should be connected to the H.V. side, 
and the receiver circuit to the L.V. side. 

Thus, any transformer can operate as either a step-up 
or a step-down unit. Everything depends on which of the 
two windings is connected to the supply circuit, and which 
to the receiver circuit. Irrespective of whether it is an 
H.V. or an L.V. side, the winding connected to the supply 
circuit is referred to as the primary of a transformer, and 
the winding connected to the receiver circuit is called the 
secondary of a transformer. 

In the transformer model of Fig. 2 (a) and (6), the supply 
voltage Fj is impressed on the P winding of turns 
so it is the primary. The load Ri takes its current from 
the S winding of turns T< 2 ,, and it is the secondary. 

So far we have dealt only with the main or mutual mag¬ 
netic flux ^ 0 . However, there also exists a leakage magnet¬ 
ic flux 01 ^ whose path is partly in air and which links 
only the primary turns Since the path of the leakage 
flux is partly in air, its magnitude is proportional to current 
which, in our case, is the no-load current /o. Consequently, 
the leakage flux is alternating, as is the current /o, 

and induces an e.m.f. of self-induction Ei^ in the primary 
by its rate of change. 

To sum up, two e.m.f.s are induced in the primary of 
a transformer: by the main magnetic flux and Ei^ by the 

leakage flux. 


•h Thv 'I'rnnslormer at no-Load 


19 


All ojiiJ, self-incluctioji always opposes Hie im- 
pnwsod volLage, and its effect on the carrent in a circuit 
ill eqnivaioiil to that of an inductive reactance X. 

If llio exciting current is to he maintained constant, 
the ijiifiressed voltage F^ should be sufficient to overcome 
I he res is la lice /?i of the primary and to produce these e.m.f.s 
of Mel f-i fid net ion. In other words, the impressed voltage 
\\ Mliuuld he equal to the sum of several cojiiponents: the 
iMiiJ. of self-induction Et due to the main flux the 
ooN.r. of selLiuduction Ei^ due to the leakage flux 
ami Hio resistance voltage drop hRu or in vector form: 

Fj = -f- ( E^) (— Ed) 

I ho “— ” sign in the last two terms on the right 
Hide of the equation implies that the e.m.f.s of self-induc- 
Ihm iqi[»os 0 the impressed voltage Fj. This relationship 
Clin h«' conveniently studied hy means of a vector diagram, 
hoi IIS construct the no-load vector diagram of a transformer. 

As will ho recalled, vectors can he used to represent 
any sinusoidal quantities. In our case such quantities are 
Hm iuifiressed voltage Fi and the magnetic flux <Po. Owing 
to the magnetic saturation of the 
core, hysteresis and eddy currents, the 
mirrcnt /o is not sinusoidal. For ap¬ 
prox i mate calculations, however, it 
Ih substituted for by a sinusoidal 
current with the effective or r.m.s. 
value of lo. Therefore, it can be 
nqiresoiited by a vector as other sin¬ 
usoidal quantities. As a rule, vector 
diagrams give the effective or r.m.s. 
valiKvs of variable quantities. 

To go back to the no-load vector 
diagram of a transformer. First, the 
vecdor of the magnetic flux 0o is 
drawn on the horizontal axis (Fig. 4). 

The flux is set up by the current /o 
which leads the flux 0o by an angle 
railed the loss angle, due to the 
hysleresis loss in the core. 



Fig. 4. No-load diagram 
of a transformer 
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As it links Llie l.imis and T.^, Lho magiititic lltix 
induces in each the e.iii.i.s £i and Ei which are in ijnad- 
rature with (90“ behind) the magnetic flux. Apart troiii 
00 , the current /o sets up the leakage flux 0|i propor¬ 
tional to and in phase with the current. The leakage flux 
links 7', to induce an e.m.f. of self-mduction A'j, in it. 

As stated above, the impressed voltage Fj should make 
up for both El and £j,, and the resistance voltage drop 

^°We draw on the diagram the vector —Ei equal in mag¬ 
nitude and opposite in direction to the e.m.f. Ei, and add 
at the end of the vector—the vector lulii which is in 
the same direction as the current /o. Tlien the vector /oTfi 
is extended hy a vector equal in magnitude and opposite in 
direction to the e.m.f. £(,. The impressed voltage V-^ will 
he equal to the vectorial sum of these quantities. In the 
diagram it can be obtained hy connecting the point 0 and 
the end of the vector—.Ej,. What we have obtained is the 
no-load vector diagram of a transformer. 

At no-load the secondary is open-circuited, so no ci^- 
rent is flowing in it, and it takes no active power. At the 
same time, the primary draws from the generator both some 
reactive (magnetizing) power w'hich is returned to the gene¬ 
rator, and some active power. 

A small portion of the active power is wasted as heat 
in the primary; this portion is proportional to tlie resistance 
of the winding and the square of the exciting (no-load) cnr- 
reiiL, or l^Ui. However, the resistance Ri of the primary 
and the current /o are usually small (the no-load current 
is 3 to 10 per cent of the full-load current ot a transform 
er). Therefore, very little active power is lost in the pri¬ 
mary. The bulk of the active power is wasted as the hyste¬ 
resis and eddy-current losses in the core (the iron loss). 
Both the nUi loss due to the no-load current and the iron 
loss are included in the no-load losses of a tramsfornier. 

Given a constant applied voltage V i, the no-load loss 
is independent of the load on the transformer, since the 
main portion, the iron loss, is determined by the mam mag¬ 
netic flux 00 whoso magnitude is practically independent 
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of the load. In other words, the no-load loss (at constant 
Fi) is a constant loss in a transformer; it exists in any 
operation of the transformer and is independent of its load. 
This will become especially clear after an examination of 
Ihe operation of a transformer under load, 

4. The Transformer under Load 

When the secondary circuit of a transformer (see Fig. 
2,h) is completed through a load, the transformer is said 
Lo be operating under load. 

As soon as the knife-switch is closed, a load current 
/^2 begins to flow around the secondary circuit. As any vary¬ 
ing current, this current produces an alternating magnetic 
flux of its own, consisting of two components. The greater 
l)ortion of the flux 0% has its path in the core, while the 
smaller portion of the flux has its path in air and 
around the secondary winding; this is a leakage magnetic 
flux. 

By Lenz’s law, the current induced in the secondary op¬ 
poses its cause, i.e,, it opposes the current /o. For the same 
reason, the magnetic flux due to it opposes the flux 
00. In other words, the flux due to the secondary current 
lends to nullify the main magnetic flux 0o. 

As soon as the flux 0o decreases, however, the e.m.f. 
of self-induction in the primary also decreases. Since 
Ihis e.m.f. opposes the applied voltage (Fig. 4), an 
increase or a decrease in it will decrease or increase the 
primary current. This is borne out by the expression for 
llio primary voltage: 

F^ = + (— ^i) + (— Eli) 

wlionce 



If we assume that the flux in the core decreases, will 
IIIso decrease, and the primary current will increase. This 
iiK’rease in the primary current over the no-load current 
will l)c great enough to produce an extra magnetic flux 
01 which exactly neutralizes the flux 02 in the secondary. 
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In other words, the fluxes Oi and <p 2 , nearly exactly 
opposite to each other, cancel one another, and the result¬ 
ant flux (Po induces the e.m.f. E-^ in the primary which 
balances almost all of the applied voltage Fj. If Fi remains 
constant, the o.m.f. does not change either, and the 
magnetic flux CPo remains practically unchanged under any 
load (currents /, and./^) on transformer. To sum up, 
as the secondary current in a transformer increases from 
zero to /j, the primary current aiitomalically rises from 

1 0 to I , 
Similar events occur when tho secondary current dec¬ 
reases. Indeed, as the current decreases, the Ilux 0^. 
also decreases, and so does its opposition to the flux 0q. 
It would seem that 0o should increase in magnitude. How'- 
ever, an increase in 0o causes an increase in the e.m.f. 
El, i.e., a decrease in the primary current The latter 
decreases just enough for the extra flux 0^ it produces to 
balance the changed magnetic flux 02 . 

The conclusion that can be drawn from the above ob¬ 
servations is that the current /, supplied by the source to 
the primary varies exactly as the load, or the current 1 2 , 
taken by the external circuit (the load) from the secondary. 
It is owing to this automatic change in the primary that 
energy is transferred from one winding to the other electro- 
magnetically. 

When a trafisformer operates under load, the secondary 
is an energy source. As in the case of any energy source, 
the following equation applies to the secondary: 

• = + /.Aa 

where £ 2 =secondary e.m.f. 

F 2 =voltage at the terminals of the secondary 
/ 2 i? 2 =resistance voltage drop across the secondary 
=reactive voltage drop across the secondary. 

We shall now construct a vector diagram for a tran.s- 
former loaded by a resistive load (see Fig. 2,b). We draw' 
tho vector of the magnetic flux 0o on the horizontal axis, 
and construct the vector of the current h and the vectors 
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of lli(' o.m.f.s El and Ei lagging 90° behind the vector 

^.1 (Fig. b). 

TI»o secondary terminal voltage F 2 under load is less 
ihnii tho e.m.f. ^2 by the voltage drop across the winding. 


Tlu'reforo F 2 can be obtained 
by Hiiblracting from E 2 vector- 
lally the resistance drop 
iiiid tho reactive drop / 2 ^a 
which balance the e.m.f. Ei^ 
produced by the leakage flux. 

Since the transformer ope¬ 
rates into a resistive load (say, 
a lighting load), the current 
/j Is in phase with the volt- 
ag(' Ko. 

Th(i current I< 2 , sets up a 
h'akage flux <I>i^ which has 
Its path partly in air and 
MU'tly through the turns 
'\m’ this reason, it is in the 
Maine direction as the current. 
The leakage e.m.f. Ei^ lags 
(Ml" behind the flux. 

To obtain a vector diagram 
for the primary, the vector 
of the no-load current should 
be addiul to the vector of the 
current /[. This is the current 
wlilch produces the extra flux 
(/> ( I )a I a ncing the flux <I> 2 
of tli(^ secondary. With the 



ve(’,|or of the total current thus obtained, the vec- 
lor diagram of the primary is then constructed exactly 
an at no-load. 

I In our example, we have examined the vector diagram 
of a I ransformer supplying a resistive load. The same reason¬ 
ing will apply to other loads (inductive reactance or imped¬ 


ance). 
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5. The Losses and Efficiency of the Transformer 

As distinct from electrical machines, the transformer 
has neither rotating parts nor mechanical losses. There are 
only heat losses in the copper and the core: 


EP = 


-VP 


copper 


Indeed, we have seen that at no-load the active power 
taken by the transformer goes only to supply the loss in 
the copper of the primary and the loss in the core. We have 
also noted that the iron loss is constant at any load on the 
transformer, because it is determined hy the mam magnetic 
flux CPo which remains unchanged with any load (currents 
7, and T) on the transformer. 

On the other hand, the copper loss is a variable quan¬ 
tity. It is proportional to the square of the current an 
the resistance of the winding; 

P copper ^ P 


Naturally, changes in the load affect the copper loss. If a 
transformer operates at 70 per cent load, the copper loss 
will only ho 0.7‘^=U.49 of the design loss. Since the power 
demand during the day varies {lighting in the Daytime 
and at night, operation of machine tools in different shifts, 
etc.), the load lo«s (i.e., the loss determined by the current 
in the windings) may vary considerably. For a constant 
primary voltage the iron loss is constant. Therefore, when 
we speak about reduction in the transformer loss, we have 
in mind aboiic all the iron loss in the transformer. 

The iron loss may be reduced in two ways. The hmt 
wav is to reduce the magnitude of the magnetic Ilux (Po 
(or the induction B), which is not advantageous, since 
for the same e.m.f.s to be obtained a greater number of 
turns would have to be provided in the windings, or more 
copper would have to be used. Therefore, a better way is 
to use alloy steels for the core, which have an increased 
resistance (in order to reduce the eddy-current loss) and 
a smaller hysteresis loss. The eddy-current loss is also 
greatly reduced by making laminated core.s, with lamina¬ 
tions insulated from one another. 
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Tlio alloy steels currently used in the manufacture of 
IraiiHfornior cores are sensitive to mechanical treatment. 
They I OHO much of their useful properties due to impacts, 
OoJd working and other mechanical injuries. This is why 
Iho core loss in an assembled transformer is 15 to 20 per 
OOliL greater than in the steel prior to working. 

HI lice Lbe transformer has no rotating parts and spec¬ 
ial materials go to make its main components (copper and 
alumiIlium for the windings and alloy steels for the core), 
the efi’iciency of transformers is fairly high, ranging be- 
Iwoeii 80 and 99 per cent. 

The efficiency of a transformer is given by 

j)cr cent efficiency = ^ 100 = „ 

where 2 =useful power available at the 

secondary terminals of a transformer 

cos =power taken by the primary 
^P^Piron+T'co]oper=losses in a transformer. 

Ah follows from P^-=V the useful power of 
a I raiisformer depends on both the magnitude and the 
cJMii'McJ,(^r of the load (resistive, reactive, etc.), i.e., on the 
value of cos (in our case coscp^l, because the secondary 
«U|i|)li(\s a purely resistive load). 

Ah iJie manufacturer does not know the cos cp of the re¬ 
ceivers a given transformer is to supply, the nameplate of 
I lie Iransformer always gives its kVA rating (the apparent 
|iower): 

where V.. and are the rated (or marked) values of the 
Necomlary voltage and current. 

Ill view of the high efficiency of transformers and neg¬ 
lecting, for this reason, their losses, the apparent power 
for Hie primary and the secondary may be given by: 

P^ = P^ or = VJc, 

Dividing the last equality by V 1 I 2 gives 

ki/i ^ 

V1/2 V,/, 
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or 

_ Yi. 

' T^^Vi 

As will be recalled, the voltages across (or the e.m.f.s 
in) the windings are proportional to the respective nurnber 
of turns: 

11 T’l 

As follows from the previous expression, the currents in the 
windings of a transformer are inversely proportional to the 
voltages and the number of turns: 

— 

or 

Jj_ T 2 

I,~T^ 


6. Operation of the Transformer on a Short Circuit 

When a transformer operates on load, its secondary is 
connected across the resistance R of the energy receivers 
(see Fig. 2,h). The current in the secondary circuit, I.,, 
is proportional to the load on the transformer. 

When a transformer supplies a great number of receiv¬ 
ers, it often hap'pens that for one reason or another the insu¬ 
lation of the connecting wire.s is damaged. When the wires 
come in contact at the damaged spot, a short circuit occurs. 

When the connecting wires from the secondary come in 
contact witFi each other at points a and h (Fig. 6), the sec¬ 
ondary is also short-circuited. Yet, it continues to lake 
power from the primary and transfer it into the secondary 
circuit which now consists only of the winding and part of 
the connecting wires. 

At first glance it would seem that on a short circuit the 
transformer should be destroyed, since the resistance 
of the winding and connecting wires is only a small frac¬ 
tion of the resistance 7?( of the load. It we assume that 
the load resistance Ri is, say, 100 times R.^, the current 
should also be 100 times /j. 


I 
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Since the primary current also increases 100 times {IiTi = 
Ai/Z’s), the losses in the transformer should sharply in- 
croaso, namely 100^=10,000 times (I^R). Naturally, under 
Niirli conditions the temperature of the windings would 



Kig. 6. Short circuit on the secondary side of a transformer: 
P—primary; S—secondary; 


rise to 500-600°G in a matter of a second or two, and they 
would burn. 

Also there always exist mechanical forces in an operat¬ 
ing transformer, which tend to burst the windings radially 
IIml axially. These forces are proportional to the product 
of the currents in the windings, / 1 / 2 . If, on a short cir¬ 
cuit, each of the currents /i and increased 100 times, 
the forces would increase 10,000 times. They would reach 
a value of several hundred tons, and the transformer wind¬ 
ings would be destroyed in no time. 

In actual practice, however, nothing of the kind happens 
In transformers. As a rule, transformers stand up well 
to tlie short-circuit stresses until the short circuit is cleared 
liy their protective equipment. This is because the inductive 
l■('a(^tarlce of a transformer limits the short-circuit current 
In the windings. This effect of the reactance is related to 
tin' h'akage magnetic fluxes set up in the transformer. 

It is obvious that the leakage flux should increase with 
liu'reasing current in a winding. 
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We have already learned that on outting the 
the s^condarv winding the leakage magnetic flux indn . 

J it an r oTself-iSducticn which opposes the change 
in current how. This ellect of the e.m.f. of self-induction 
in the secondary winding may he pictured as an additional 
onDosition to the sliart-circuit current* 

■^Ko secondary e.m.t, £s dec to the mam magnel.c llox 
(Pu is equal to the sum ot the voltage diopb. 

^2 ^ ^2sc^2 + ( 

or 

f 2SC^2 “1“ ^2SC^2 

i? 2 =resistance of the secondary 

tance of the connecting wires may be ignored 

X. JnducHvf rratS'^'o “h^BSCondary winding 
Yo =reactivG voltage equal to Ei^ \n magiiitut.e. 

Expedience shows that, lines 

transformer, the inductive reactance - . j ^ gjj^y 

)?, Therefore the actual cnrroul i^sc is uuij 

?0 fo i, mid dot 100 Umes as great as the normal second¬ 
ary current L, of a transformer Consequently, t^he pp 

loss will increase only 100 to 400 times, and 
times. The temperature of the windings 
of the short circuit (3 to 8 seconds) 

200^0, aud no serious damage can bo siiHcrcd ^ 
former during this short period. 

7. The Effect of the Leakage Fluxes in the Transformer 

We have seen that owing to the leakage ^ ^ 

IB cpal... nr P—Sr b“owor, the 

to the energy receiver, lo a other u k 

S'7m:£,- e.iv "r..yiurcBiB 
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loHMOS ill thorn. These complementary losses, as they are 
tiulh'd, arc very undesirable, because they increase the total 
loMMos aud reduce the efficiency of a transformer. 

Thus, on the one hand, the leakage fluxes are useful 
IliUHinuch as they limit the short-circuit currents and pre¬ 
vent destruction of the transformer; on the other, they 
hu ve a detrimental effect by reducing the useful power 
available to the receivers and by increasing the transformer 
looses. 

Transformers are usually built so as to strike a balance 
h('t.weon these two conflicting factors. As a way of limiting 



t'ig. 7. Arrangement of the primary and secondary windings on a 
transformer core: 

l primary winding; 2 —secondary winding; 3 —core; 4 —duct between windings; 
5 —common axis of core and winding 


tlie leakage fluxes, the primary and secondary coils are 
placed on a common core a certain distance from each 
(d.la^r (Fig. 7), and not on separate limbs, as shown in Fig. 2. 
ilhviously, the greater the distance between the windings, 
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the greater the magnetic leakage, since a greater imrtmn n 
the^rgnetic llux will have its path in air. The des.ml 
value o! leakage llux is obtained by suitably arranging the 
windings relative to each other and by optimizing then 

dimensionsthe concentric arrangement of the wind¬ 
ings^ The two coils are placed on a common core ^ ^ha 
their geometrical axes coincide with the axis of the co^ . 
Referring to the figure, the leakage (luxes <P;, and Q>t, 
ill the duct between the windings add together, giving a 
total leakage flux. 

8. The Short-circuit (Impedance) Voltage of the Transformer 

We have learned that the leakage fluxes have ^/'«tice- 
able effect on the operation of a transformer and a . 
its dimensions and performance. However, it is still 
clear how the effect of magnetic leakage can be ^ 

A direct measurement of magnetic leakage is «f ^le 
question, because the leakage magnetic 

multitude of paths. Instead, magnetic leakage is c\alm‘ cd 
in terms of the effects it has on the voltages across, and the 
currents in, the transformer windings. . • 

As stated above, on a short circuit the ^urrents^m th^ 
transformer windings increase only 1 o 
times over the-ir normal values. , . , . .. 

Now assume that in a transformer, which has 
ary short-circuited (Fig, 8) and the currents /,. and 
U which are 10-20 times the currents A and /j, the 

plied voltage F, has been ^^f'F be reduce^”^^^ 

in the windings will also decrease. If It 

a factor of 3 to 5, the currents /i.c and to 

bv the same factor. If F^ bo reduced by a tactoi of 10 to 
20 the currents will again decrease by the same factoi. 
In’ other words, Fj can be so adjusted that the currents 
luc and I^sc will be brought down to the norma^currents 
in thp resDectiv6 windings, or iisc—. f 
The roS that ahouU be applied to the te-m.n.la o 
„„I „t the llndinga (while the ■>*>;«' 
in order to circulate normal currents /, and 
the short-circuit {or impedance) voltage of a transfoim . 
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li Is (l(VsigiiiiLod by the symbol and is usually ex- 
ph'HHod in por cent of the primary voltage 

per cent Ez={EzlV-^)\QQ 

Tho value of Ez gives a measure of the leakage fluxes 
nilil of their effect on the operation of a transformer. 


J 



Slioj’t circuit on the secondary side of a two-winding trans¬ 
former: 

1 —primary; 2 —secondary; 3 —core 


To sflow the direct relationship between Ez and magnetic 
leakage, assume that in a transformer with a certain Ez 
5 por cent), the windings have been pushed away 
li'om each other by some unspecified means. The ammeter 
III the primary circuit will immediately read a reduced 
value of current Iuc although the voltmeter reads the same 
applied voltage (5 per cent of F^). However, it will be 
oilier Ilian Ez, because the currents in the windings have 
hi'como less than their rated values. Obviously, in order to 
nvslore their values, the applied voltage should be raised 
to IC'z VEz (say, to 8 per cent of V^). In other words, Ez 
grows as the spacing between the windings increases. 

'I'llis effect is not difficult to explain if we recall that an 
Increase in the spacing between the windings builds up 
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tlie leakage flux wlticli has its palii in air. The leakage 
e.in.f.s Ei^ anil increase in proport inn, and .so does 
the Inductive reactance of the windings. As a result, tlie 
currents in the windings diminish, and the applied volt¬ 
age has to he raised to E'z in order to circulate rated cur¬ 
rents in the windings. By similar reasoning, it may be 
shown that the impedance voltage decreases with decreas¬ 
ing spacing between the windings. 

We have thus shown that there exists a direct relation¬ 
ship between magnetic leakage and impedance voltage. 
Because of this, all that has been said about tlic ellect of 
leakage fully applies to impedance voltage, E^. 

The higher the impedance voltage, the smaller the short- 
circuit current, which fact slows down the temperature rise 
of the windings carrying the short-circnit currejit and tlieie 
is less danger for destructive mechanical forces to develop 
(for a more detailed discussion the reader is inferred to 
Sec. 9). On the other hand, the higher the impedance volt¬ 
age, the greater the magnetic leakage, which fact brings 
about an increase in the transformer losses and in the volt¬ 
age drop across the windings. As a result, the u.seful power 
output and efficiency of the transformer are impaired. 

The transformer designer must give careful considera¬ 
tion to the value of E^. It should he made sufficiently high 
in order to liniit the short-circuit current and to ensure 
self-protection of the transformer, hut not so high as to 
bring about a noticeable increase in the transformer losses 
and a decrease in the useful power output. 

In the Soviet Union, the values of for each particular 
transformer size are specified by a relevant USSR 
Standard. For transformers with a capacity of tU to h,.iOU 
kVA, it is 5 to 7.5 per cent. For transformers above 
G,306 kVA, it is anjTvhere hotwmori 8 and II per cent, de¬ 
pending on the kVA rating and vidtage of the II.V. wind- 

”^Tf the value of Ez is known, it is easy to determine the 
short-circuit current of the winding. Indeed, /will be 
as many times the rated current / 1 , as tlie primary voltage 
Vi is greater than or 
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Since Ez is usually expressed as a percentage of we 
got: 

/ = j _ 

Isc 1 pgj. cent Ez 

Thus, if Ez=5 per cent, then hsc is 100 ; 5=20 times 
the rated current 

!), Mechanical Stresses in the Transformer 

Ah has been noted, the operation of a transformer on 
a short circuit entails destructive mechanical stresses which 
loud to burst the windings radially and axially. Such stres- 
NOS, although of a much smaller magnitude, also exist in 
any transformer under normal operating conditions. Let 
IIS examine the cause of these stresses in greater detail. 




i'lg. !). Meclianical forces acting on conductors carrying current: 
a currents in the same direction; h —currents in opposite directions 

(lonsider two parallel conductors placed close to each 
oth('r (Fig. 9). The conductors at a in Fig. 9 carry cur¬ 
rents in the same direction, and at b in opposite directions. 


A llU’i 
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A magnetic field is set up around each of the conductors 
with ^e lines of magnetic force arranged as shown in the 

*'^When the currents in the conductors are in the same 
direction, tfic flux due to the current on 
wards in the space between the 

due to the current h, which moves upwards. The lines 

the two fluxes squeeze outwards and form a 

which moves on a shorter path, causing the conductors to 

When the ciUTerits are in opposite directions, the lines 
of both duxes move in the space between the cmiduc «rs 
in the same direction (downwards). The two fluxes comb 
causing the conductors to repel and to provide a greatei 

area for the common flux. 

In both cases, the conductors attract and repel wil 

a force F which is given by 

F = kIJi 


where k is the proportionality factor. . • ,11 

III each winding of a transformer, the current m all of 
the U.r„s is i., U,» same direction. However, 
ry eorreirt I, (whicli is an induced current) is in an 


Opposite direction with ros 



Fig. 10. Leakage fluxes around 
the windings of a transformer: 
primary; 2 —secondary 


)ect to /i, or the primary 
current. For this reason, the 
winding conductors both 
attract and repel in a trans¬ 
former. 

Fig. 10 shows the leakage 
fluxes 

directions of the currents 
and /a. The two leakage fluxes 
combine to form a common 
flux which causes the turns 
to attract. At the same time, 
the fluxes in the duct between 
the windings, being in the 
same direction, tend to push 
the windings away from each 
other. The bursting force acts 
both radially and axially, 
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any turn of one winding is repelled by all the 
turiiH ill the other. 

CoiiHidor the turn M of the secondary 2, Fig. 11 (a). 
Thd turn m which is on the same horizontal with the turn 
M ucIh upon the latter with a force of repulsion F^ direct- 
id radially. At the same time, all the turns of the primary 



I'ig. 11. Mechanical stresses in transformer windings: 

(t wliidlitj^H equal in height; h — windings differ in height; 1 — primary; 

2 —secondary 


/, bul.li above and below the turn m, act upon the turn M 
will) forces of repulsion F,^, F^, etc. Combining these forcG.s 
liy the parallelogram law gives the resultant force FM 
ttlijcli is directed upwards at an angle to the horizontal. 

SItiiilaily we may find that the turn N is acted upon 
by IIh' resultant force of repulsion F^, directed downwards 
III ati angle to the horizontal. Only the turn A in the middle 
of I he winding will not he subjected to any axial forces, 
because the forces of repulsion due to the turns above and 
heliiw (he turn A will give a common resultant force Fj^ 
dlrecti'd radially. 

11 is obvious that the radial forces (compressing the 
Inner winding and expanding the outer one) will be greatest 
III the middle of the winding, decreasing towards the pe¬ 
rl (iliery. Conversely, the axial forces will be smallest in 
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the middle of the winding, increasing towards the pe- 

Un^er normal operating conditions, all of Umse forces 

la a tranZrme, J a.gliglWe On a f 

when the primary and secondary currents grov, W to zt 
Umes (depSding on the value of £.), the forces increase 

100 to 400 times The greatest danger nL^the 

forces which may destroy the windings (e^P'^cia ly 
Dcrinherv), it they are not strong enough, Jhc PO^cct 
axial forces in a transformer is counteracted ly va 

TErlanor/beco.™ partlcda.y groat ll the 
differ in height. Then, instead of ,[ ’S 

‘"^TliSs "?ig"‘lul), X'Lrgf Iluxes tovt^ radially, 
oir sqe^ezing their way between the turns, they ten to 

*’^lfshould^be*^rioted that a transformer may have 

diieiiuE in height not only because of negligence on the 
nS of the makSs. Provisions are often made in transform¬ 
ers for voltage control by increasing or decreasing he nun - 
bm of active turns in one winding with respect to he 
Then the position of the voltage-control taps will change 
the relative height of the windings. 


10. Voltage Control in the Transformer 

In most cases, receivers ot elcclrical '""Sy 
to onerate at a certain definite supply voltage. Should m 
“Vply voMag. change, .he ^JiyyoU- 

r'i' ^rV^w’reltsTh^ 

dLn production output, and adversely affects lighting 
and operation of radio and TV receivers. 

Consider the causes ot a decrease in supply ^ ^g 
a Sple case. Assume that several transformers ^uth a 
secondarv voltage of 220 V are connected to a 6.d-k\ c 
cuit. In practice, such transformers will operate conliiiu . 
1v under full load hut seldom. . 

'M night, when ,nost ol the factories «« ™ 

and the power they take is usually small, the b,. 
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0ull will carry a small current which will not entail any ap- 
irec-lahlo voltage drop. As soon as the machine-tools at the 
ttCtorios are started in the daytime, the load on the trans- 
oriruns sharply goes up. The secondary currents in the 
THMsformers increase, and so does the primary current taken 
:»y oacli I ransformor from the supply circuit. Adding together, 
llioso currents produce in the 6,3-kV circuit a total current / 
wlilcli is many limes greater than at night. Now, the supply 
vnltJige will he lower than 6,3 kV. The secondary voltage 
to the receivers will drop by a proportional amount, 

Ibiwovor, the receivers need a constant voltage of 220 V, 
Irrespc^clive of any fluctuations in the primary voltage. 
To mooli this demand, provision is made in transformers 
FfKr vnlingo control within certain limits. 

I'lio most comm only used method of voltage control is 
to rluiogo tho number of active turns in one of the windings 
hi Hh^ps. When the number of active turns in, say, the 
primary is increased or decreased, the magnitude of the 
iiMiunolic llnx and, consequently, the secondary voltage 
alHo increase or decrease. 

In practical transformers, it is usual to provide several 
lUilUiifr-control taps on the H.V. winding. Each tap corre¬ 
sponds l () a certain number of series-connected turns (Fig. 12). 



I'’i^^ 12. Voltage control taps on the H.V. winding: 

M . ln|iH nt end of winding; 5—five taps at end of winding; c—four taps in 

iMiMtIli' "f winding; d—six taps in middle of winding; e—reverse connections 

with three taps at end 




























38 


Transformers 


standard low- and medium-capacity transformers {up 
to 630 kVA) usualiy have three voltage taps on the il.V. 
winding. The middle tap, is the rated-voltago or 

principal tap, i.e„ through it the ^ra^former can deliver 
its rated voltage (6.3. kV in our case). Through the other 
two taps the transformer can deliver a voltage which is 
within ±5 per cent of the rated value, Ing. IZ W- 

Assume that a voltage of 6.3kV is delivered turns 

in the H.V. winding (tap X.). Then a voltage of 6 615 kV 
which is 5 per cent above the rated value, will require l.OoO 
turns in circuit (tap Xi). For a voltage of 5.985 ^V, which 
is 5 per cent below the rated value, there should bo 950 
active turns in the H.V. winding (tap X^). 
ondary voltage can be adjusted m steps of 315 V. Facti 
step takes 50 series-connected turns m the winding. 

To go back to our example. Assume that due to an in¬ 
creased load the supply voltage drops to 6 kV, or by r 
per cent. The voltage on the ^-V. side of the tranta^ 
will also drop by 5 per cent or to 220-{320x0.O5) .-Zuy . 
This drop may seriously impair the performance of the 

electric motors. . j . 

How should the H.V. winding be connected to maintain 

the secondary voltage at 220 V? We know that 

V 2 ^2 

If Fi goes down by 5 per cent, and Vg must be maintained 
constant (at 220 V), the number of turns in the primary, 
Ti, should also be reduced by 5 per cent, then 

• O.gsFi _ 0.95^1 

In other words, if the secondary voltage is to be 220 V, 
the H.V. winding should be connected to the tap Xg, leav¬ 
ing 950 active turns in it. . .1 „ 

By the same reasoning, it is easy to determme the tap 
to be selected, should the supply voltage rise to, say, b.b kV. 

Instead of three voltage taps, large-capacity translorm- 
ers have five taps on the H.V. side, which give a greater 
number of steps of voltage control. Fig. 12 (b). 

Voltage Laps may be provided either at the ends or the 
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midtilo of the winding. With the voltage taps arranged 
tit an (Mid of the winding, it may happto as if the winding 
Ikmmmjios shorter, especially when the connection is shifted 
to the tap X3 or X5, Fig. 12 (a) and {b). As stated earlier, 
the (liffonMice in height between the windings results in 
nil increase in the axial forces acting upon the windings. 
Tills is why the usual practice is to arrange voltage taps 
nt the middle of the winding, Fig. 12 (c) and (d), or to use 
n reverse arrangement, Fig. 12 (e), in the case of low-ca- 
pneity transformers. 

Mnd-placed voltage taps on the H.V. side are limited 
HIM inly to low-capacity transformers where mechanical 
force's are negligible, while the mid-winding arrangement 
Ih (lifl'iciilt to carry out because of complications in design. 

TIk' arrangement of Fig. 12 (c) gives ±5 per cent variation 
of (lie voltage. In the arrangement of Fig. 12 (d), voltage 
CiMM also be controlled within ±5 per cent, but in steps 
Ilf 2.5 [>er cent. 

The tops are connected to a ratio adjuster which provides 
II means of changing taps on the transformer by simply 

I, liming Iho operating handle without having to take down 
Mild rmnake connections. 

VVilfi ( lie arrangements of Fig. 12, the taps can he changed 
imly witli the transformer disconnected from the line, be- 
ranse |.|ie ratio adjuster is not intended for operation under 
ImnI (olT-toad tap changing). If taps were changed under 
liiml, the arc striking between the contacts of the ratio 
Mtljiisl,er would quickly destroy them. 

i)lT load tap changing is sometimes inconvenient, since 
Urn receivers have to be de-energized while the connections 
in (lips of the transformer are being changed. This is why 
liiMiiy transformers, especially in the large-capacity class, 
t\\v e([nipped with facilities for changing taps under load 
(nil load tap changing). However, such equipment lies out¬ 
bid!' nl' tlic scope of this book. 

II, Thr Three-phase Transformer 

Sn far we have dealt with single-phase transformers. 
TImw are widely used in household appliances. Bigger single- 
|ihiiMi' units arc employed in a.c. electric locomotives. Mam- 
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moth siogle-phase transformers for 220 and 500 kV are 
install(*d at largo thermal ami hydro-electric stations. 

However, electric energy is never transniitted single^ 
phase. Instead, three-phase systems aro now used every¬ 
where, Therefore, most transformers are three-phase nnits 
they handle three-phase power. 



Fig. 13. Diagram of a three-limb transformer 

Of course, transformation of three-phase voltage can 
be accomplished by means of three single-phase units with 
their primary and secondary connected in a star or in a 
delta to form a three-phase system. This is how large-capac¬ 
ity single-phase .transformers are employed at large gener¬ 
ating stations. They have their primaries connected to 
the respective phases of the generators, and their second¬ 
aries to the respective phases of a transmission line. 

Alternativsly, three single-phase units may he built into 
a single three-phase unit. The magnetic circuit of such 
a transformer consists of three limbs held together by yokes 
at top and bottom (Fig. 13). Each limb carries one primary 
and one secondary winding. The primaries are connected 
either in a star or in a delta, and so are ihe secondaries. 
Each liml) with the associated windings is in fact a single- 
phase tran.sformer. For this reason, all that has been said 
about a single-phase transformer fully applies to the indi¬ 
vidual phase.s of a three-phase transformer. 

In each core of a three-phase transformer there is a mag¬ 
netic Rnx produced by the primary current. Since each 
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primary belongs to a particular phase of a three-phase sys- 
l0in, tlio currents in the windings and the applied voltages 
nro lliroo-phase, and so are the magnetic fluxes. 

In I ho previous discussion it was assumed that a mag- 
notl(5 I’lux should follow a closed path, i.e., on passing 
through the core it must return to the beginning of the same 
eortu Id a three-phase transformer, each of the fluxes cir- 
iOilaU's only within its own limb, converging at points D 
nihI K (Fig. 13) in the middle of the top and bottom yokes. 
At these points the fluxes add together. Since, however, 
llie lluxos are 120° apart, they combine vectorially. Vec¬ 
torial addition of the three fluxes results in a zero magnitude, 
thus eliminating the need for a return path for the flux 
(provided the load on the 'phases is balanced), exactly as 
iliiO'e is no need for a neutral or return wire in a star-con- 
nec-teil system. 

It is seen from Fig. 13 that the magnetic path is not the 
Maine for all three fluxes, being longer for the outer limbs 
(phases A and C) than for the inner limb (phase B). As 
a result, the exciting current is not the same in the three 
phases, being greater for the outer ones. 

/t?. The Three-winding Transformer 

'The three-phase transformer described in the previous 
Heetion has two windings on each limb, one primary and 
one secondary. Such a transformer can change, or trans¬ 
form, one voltage into another voltage In some cases, 
howev(M', a third voltage Fg has to be provided. 

Consider a 20-MVA transformer with a primary voltage 
of 110 kV which has to supply an adjacent factory and a 
reiiinle industrial area. The adjacent factory can be conve¬ 
niently supplied at 6.3 kV, Therefore, the secondary of 
the transformer is wound for this voltage. However, it is 
not ndvantageous to transmit power over a large distance 
lit (>.3 kV, because much energy would be lost. As a way 
out, a tliird winding is added to each limb, wound for a 
voltage intermediate between 110 and 6.3 kV, which may 
lilt 3r> kV. The winding Carrying it is called the medium- 
I'nllage (M.V.) winding, 

'I'lie theoretical feasibility of a transformer having three 
windings per limb is borne out by al^ previous reasoning. 
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111 deed, the magnetic Flux set up about the primary (the 
llO-k^ winding in our example) has its path in the core 
and, sOt cuts through the turns of the secondary (L.V.) 
winding. The terminal voltage of the secondary is kV, 
If to each limb is added one more winding concentrical 
with the first two windings (Fig. 14), the magnetic flux 


4 




Fig, 14. Arrangement of windings in a three-winding transformer: 
i—H.V. winding; 2—L.V. winding; M.V, winding; 4—core 


will cut through the turns of the added winding exactly 
as the turns of the other two. The terminal voltage of the 
third (M.V.) winding will be proportional to its number 
of turns, Tg (35’kV in our example). In other words, the 
supply voltage is simultaneously transformed into two 
voltages, and Fg. What we have obtained is a three- 
winding transformer. 

In fact, a *three-winding transformer is a combination 
of two transformers which can operate both together and 
separately. In both cases, however, the power taken by the 
primary (20 MVA) should be equal to the sum of the loads 
on the two secondary windings at all times. 

As an example, assume that both the adjacent factory 
and the remote industrial area can take each 20 MVA. This 
implies that both the L.V. (6.3-kV) and the M.V. (35-kV) 
wdndiiigs should be designed to deliver 20 MVA. Since, 
however, the transformer can deliver only a total of 20 MVA, 
either the factory or the industrial area can operate at full 
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capacity at a given time, or they can operate simultane- 
0 UHly» as long as their aggregate power consumption does 
not exceed 20 MVA. 

'I'lie operation of each pair of windings of a three-winding 
traimformer (the primary and one of the two secondaries) 
lit uodoad or under load and on a short circuit may be 
represiuited by the same vector diagrams as the operation 
of a two-winding transformer (see Figs. 4 and 5). When the 
Ihreo windings are in operation simultaneously, the vector 
iHaj^raiu should take into account the fact that the primary 
cjirreot is now the vectorial sum of three currents: the no¬ 
lo ml current and two secondary currents. 

I'hroo-winding transformers have found .a fairly hroad 
rii'ld of application. They are more attractive than tvro- 
wimiiug units in several respects: initial cost is lower, 
flower losses are smaller and performance is usually better 
I.Unn in the case of two ordinary two-winding transformers 
of the same kVA rating. 

/pV. The Autotransformer 

1 0 some cases, use is made of transformers in which a 
cortuin portion of the winding is common to both the pri¬ 
mary and the secondary circuits. 



Fig. 15. Operation of an autotransformer; 
a—at no-load; h —under load 


Diagrammatically this is shown in Fig. 15. The core 
c.ai'i'ios a single winding of turns Ti- The applied volt- 
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age is Fj. The current produces a magnetic flux and 
an G.TTiJ, El which is equal in magnitude {if we neglect 
the ventage drop across the winding) and opposite in direc¬ 
tion to the applied voltage. The e.m.f, per turn is 
The o.m.f, across some portion of the winding, say 
will be E^= {EJTj)T^. 

If a tap be provided at the point Am^ a secondary will 
be obtained with turnsT^, and e.m.f* £ 3 , Fig. 15 (a). Let 
the secondary circuit be completed through a load R, 
Fig. 15 A current will flow in the winding AmX. Since 
this is an induced current, it will be opposite in direction 
to the current /j* The current in the secondary circuit, 
/a, as in an ordinary transformer, will vary with the load. 
This secondary current is equal to the sum of the prima¬ 
ry current and the current induced in the secondary 
winding, or 

h = h+l2 

The ratio of transformation of an autotransformer is 



In the Soviet Union the performance of autotransformers 
is evaluated in terms of circuit power, S. It gives the rating 
of a conventional (double-wound) transformer which would 
he required to replace a given autotransformer. 

The secondary power of an autotransformer is 

= F2/2 = (/i + /') = F2/1 + ' 

i.e., it consists of two components: and 

The component is directly transferred conductively 
to the secondary circuit by the primary current without 
any transformation owing to the electrical connection be¬ 
tween the primary and secondary circuits. Therefore, this 
component may be termed the conductive kVA of an auto- 
transformer, Scond- 

The component V^I[^ is transferred to the secondary cir¬ 
cuit by the current /g, which is the other component of 
the secondary current. Since this is effected by transformer 
action, or electromagnetic induction, this component may 
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he burned the electromagnetic A:FA of au autotransformer, 

Tbo size and weight of any transformer (including the 
Iron and the copper) are mainly determined by the power 
it lias to transform. Therefore, the size and weight of an 
antotransformer are mainly governed by the electromagnetic 
kVA it has to transform. 

The electromagnetic kVA of an autotransformer is termed 
ItH equivalent kVA part's. The ratio of the equivalent 
l<VA parts to the circuit kVA is termed the co-ratio of an 
antotransformer: 


or 


a 


^ 2^2 Sem 


V,{h-h) 
VJy ~ Vyly 



\ 1 1 


whore k is the ratio of transformation of an autotrans- 
foriner. 

From it follows that the equivalent kVA parts 

and, consequently, the size and weight of an autotrans- 
I'ormer decrease with decreasing co-ratio. 

The low values of the co-ratio are obtained when the 
ratio of transformation is very small, approaching unity. 
Therefore, autotransformers are best suited for applications 
involving small ratios of transformation. A few examples 
follow. 

Let a power of 50 kVA be transferred from a circuit with 
a voltage F^ =380 volts into another circuit with a voltage 
F 2 =230 volts. If an autotransformer be used for the pur- 
()ose (A: =380 : 230=1.65), its co-ratio will be 

a = l—g? = 1 — 0.6 = 0.4 

'This means that, instead of a 50-kVA double-wound trans¬ 
former, use may be made of an autotransformer with only 
.50 X 0.4 =20 kVA parts. Such an autotransformer will take 
l(\ss active material (core steel and winding copper), and 
its losses in service will also be smaller. 
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If the same amount of power be transferred from a supply 
circuit with a voltage Fj^ =6,300 volts (4: =6,300: 230 = 
=27.4)f the kVA parts factor will be 

a = 1 —= 1 — 0.036 = 0.964 

This means that the equivalent kVA parts of the autotrans¬ 
former will be 96.4 per. cent of the kVA of an ordinary 
double-wound transformer, or practically the same. If we 
add to this that the circuits with different voltages (6.3 kV 
and 0.23 kV) have a common electrical connection in the 
autotransformer and, consequently, the insulation of the 
L.V. winding must be as heavy as that of the H.V. winding, 
it will become immediately obvious that there is little to 
be gained by using an auto transformer in this case. 

Apart from a number of advantages, autotransformers 
have several limitations. One of them, already mentioned, 
is that an electrical connection exists between the primary 
and the secondary circuits and that the L.V. winding has 
to be insulated for the full value of high voltage. Another 
limitation is that the reactance of an autotransformer is 
normally less than that of the equivalent two-winding 
transformer and the inherent ability to protect itself from 
excessive short-circuit currents is much lower. Because of 
this, large autotransformers have to be equipped with de¬ 
vices which would do this job for them. 

In the Soviet Union, autotransformers are widely em¬ 
ployed for interconnecting high-voltage lines with voltages 
of 110, 154, 220, 330, 400 and 500 kilovolts. 

14, Winding tJonneciions and Phase Displacement Groups 
of Transformers 

Under USSR State Standard (FOCT) 401-41, the starts 
and finishes of transformer windings are designated in a 
specified manner. The starts of the windings of a single¬ 
phase transformer are designated by the letters A and a, 
while the finishes by the letters X and x. The capital letters 
apply to the H.V. winding, and low-case letters to the L.V. 
winding. The start and finish of an M.V. winding, if there 
is any, are designated by the letters and 
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TIk^ starts and finishes of the windings in three-phase 
truiisforiners are designated by the letters A, B, C, and X, V, 
X <»n the H.V. side; by the letters Am, Bm, Cm and Xm, 
^mi on the M.V. side; and by the letters a, 5, c and 
a?, f/, z on the L.V. side. 

In three-phase transformers with star-connected windings, 
ilio neutral point, i.e., the common point of the three wind¬ 
ings, is sometimes made available for connection. It is 
(hmignated 0, 0^ and 0, respectively. 



Fig. 16, Connections of transformer windings: 
a —star; b —^delta 


l^’ig. 16 (a) and (b) gives the conventional diagrams of 
transformer windings connected in a star and in a delta. 
Tlie symbol for the star connection is “Y’’, and for the delta 
(uuincction A (or D). Where the neutral terminal is pro¬ 
vided, the subscript “0” is added to the symbol “Y” (Yo). 

For a transformer with the H.V. winding star-connected 
and the L.V. winding delta-connected, the designation 
of the winding connections will be Y/A or Yo/A, i.e., 
the connection symbol of the H.V. winding is the numerator 
and that of the L.V. winding is the denominator of the 
"fraction”. If a transformer has a M.V. winding, its con¬ 
nection symbol is placed between those of the primary and 
secondary, or 

Yo/Y/A 

11 should be noted that the leads of a winding are designat¬ 
ed as a start or a finish in a relative sense, because for al¬ 
ternating current any lead of a winding may be taken as 
its start. Yet, for practical reasons in the manufacture 
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and, especially, in connection of windings, this convention 
of lead marking is useful and, indeed, indispensable. 

Corfsider two turns one of which (i) belongs to the primary 
and the other (2) to the secondary. Both turns are linked 
by the same magnetic flux ^o, Fig. 17 (a). The directions of 



(a) (d) 


Fig. 17. Phase displacement between e.ni.f.s depending on lead 

polarity: 

a—El and E 2 in phase; h—Ei and E 2 reversed in phase; 1 —primary turn; 

2 —secondary turn 


the induced e.m.f.s (at a given instant) are indicated by 
the arrows. Let the left-hand terminals be the starts and the 
right-hand terminals be the finishes of the turns. Then they 
may be designated A and a, X and x, respectively. With 
this notation, the e.m.f.s Ei and £'2 in the turns are said 
to be in pha^, since at any instant they flow in the same di¬ 
rection; either from start {A and a) to finish (X and x), or 
from finish {X and x) to start {A and a). 

Now we shall change the polarity of the leads in the sec¬ 
ondary, Fig. 17 ( 6 ). Of course, the e.m.f. will now be in¬ 
duced as before, but its direction with respect to the leads 
of the turn will be reversed. Since nothing has changed in 
turn i, we must assume that the e.m.f.s and E^ are 
180° out of phase with each other. In other words, a simple 
change in the polarity of the leads has amounted to a phase 
reversal in the winding. 
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However, "^the e.m.f.s in the pri¬ 
mary and secondary may be in phase 
opposition even though their starts 
and hnishes are arranged identically. 

This will be the case when one of the 
windings is wound clockwise, and the 
other counterclockwise (the upper and 
the lower windings in Fig. 18, respec¬ 
tively). 

Referring to Fig. 18, the leads of 
both windings are designated identi¬ 
cally. Since the windings are linked 
by the same magnetic flux, the e.m.f.s 
in each turn of both windings must 
be in the same direction. Because of 
the difference in. the winding direc¬ 
tion, however, the total e.m.f. of all 
the series-connected turns in either of 
the two windings will be different. In 
the primary, it will be from start A to 
finish X, and in the secondary from 
finish X to start a* 

In a single-phase transformer the 
vectors of the e.m.f.s in the wind¬ 
ings may he either in the same or in opposite dL 
rections, Fig. 19 (a) and (6). If such a transformer is used 
alone, the direction of the e.m.f.s in its windings will 
be immaterial to receivers. If, however, three single-phase 
units supply the same three-phase line, for proper operation 
it is essential that the e.m.f.s in all the transformers he 
as shown either in Fig. 19 {a) or in Fig. 19 (i). 

This observation fully applies to a three-phase trans¬ 
former. If in the primaries the phase e.m.f.s are all in the 
same direction, the e.m.f.s in secondaries must also be in 
the same direction, Fig. 19 (c). To meet this requirement, 
the secondaries must he wound all in the same direction and 
have the same lead polarity. 

If, by mistake, coils wound in different directions are 
placed on the same core or the leads are connected with 
wrong polarity, there will be a sharp decrease in the volt¬ 
age delivered to the load, and normal operation will be upset. 


Fig. 18. Phase dis¬ 
placement between 
e.m.f.s depending on 
winding direction 


4-1192 
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An abnormal condition will also arise if several transform¬ 
ers operating from the same supply circuit have different 
angiila/displacements between the line e. m. f. s. To avoid 
this, only transformers with some certaio angular displace- 
iiiejit may be operated together (in parallel). 



(b) (c) 

Fig. 19. Direction of e.m.f.s in transformer windings: 
a, b—single-phase; c—three-phase 


On the basis of e.m.f. vector direction and angular 
displacements, transformers may be classed into several 

groups. . , 

A convention adopted internationally to indicate phase 
displacement is to use a figure which represents the hour 
indicated by a clock when the minute hand takes the place 
of the line e.m.f. vector for the primary side and is set at 
12 o’clock andfwhen the hour hand represents the line e.m.f. 
vector for the secondary side. 

When the e.m.f. s in both windings are in the same direc¬ 
tion the phase displacement is zero, and a clock figure of 
12 will be obtained, Fig. 19 (a). Accordingly, this vector 
group is designated by reference number 12. In the case ot 
180° phase displacement, Fig. 19 (&), a clock-hour figure oi o 
is obtained, and the vector group is designated by refer¬ 
ence number 6. 

As has been shown, single-phase transformers can only 
have zero and 180° phase displacements. Consequently, 
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they may only have reference number 12 or 6. For brevity, 
the winding connections of single-phase transformers are 
designated by the symbols ///-12 and ///-6. 

Three-phase transformers, whose windings may be connect¬ 
ed either in a star or in a delta, may be classed into twelve 

ABC 



ABC 



Fig, 20. Identification of winding connections for reference vector 

group: 

a —for star-star connection; h —for star-delta connection 


phase-displacement groups with the phase displacement 
between the vectors of the line e.m.f.s varying from zero 
to 360° in steps of 30°, which corresponds to twelve clock- 
hour figures. Out of the twelve possible groups, only two 
groups are specified by the relevant standard in the Soviet 
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Union: group 11 (330°, or minus 30°, phase displacement) 
and group 12 (zero displacement). 

As eua example, let us examine the Y/Y and Y/A connec¬ 
tions of Fig. 20 (a) and (6). The windings placed on the 
same limb are shown one above the other. Both the primary 
and the secondary are assumed to be wound in the same di¬ 
rection. The directions of the phase e.m.f.s are shown by 
the arrows. 

In the vector diagram of the e.m.f.s in the primary, 
Fig. 20 (a), the vector representing the voltage of phase 
C is drawn horizontally. The vector representing the line 
e.m.f. Eab is obtained by connecting the ends of the 

vectors A and B. It points at 12 o’clock. 

Since the e.m.f.s in the primary and the secondary 
are in the same directions, the vectors representing the 
phase voltages of the secondary are drawn parallel to those 
representing the corresponding phase voltages of the primary. 
The vector representing the line e.m.f, Enh is drawn 
by connecting the points a and h. By placing the vector ab 
representing the e.m.f. Eah 8^1 point A, we can see that 
it also points at 12 o’clock. Thus, the phase displacement 
between the line e.m.f.s of the primary and the second¬ 
ary is zero. Conseqneiitly, the connection in the first exam¬ 
ple belongs to phase-displaceinont group 12, and its vector 
symbol will be Y/Y-12. 

From examination of the example in Fig. 20 (^?) we note 
that the vector diagram of the e.m.f.s in the primary is 
similar to that in the first example. As far as the vector dia¬ 
gram of the secondary e.m.f.s is concerned, it should be 
remembered that in a delta connection the phase and line 
e.m.f.s are of the same magnitude and direction. 

The vector representing the e.m.f. of phase c is drawn 
parallel to the vector representing the e.m.f. of phase C 
in the primary. The finish of phase c (terminal z) is connect¬ 
ed to the start of phase h. Therefore, the vector representing 
the e.m.f. of phase b is drawn from the end of vector c par¬ 
allel to the vector B. The finish of phase b (terminal y) 
is connected to the start of the phase a. Therefore the vector 
representing the e.m.f. of the phase a is drawn from the 
end of the vector b parallel to the vector A, In the triangle 
abc thus obtained, the vector ab represents the line e.m.f. 
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Eah, Drawing the vector Eab from the point A, we can see 
ilinl it makes an angle of 30° with the vector Ej^^, Thus, 
the vector Ea^ points at 11 o’clock, and the connection in 
tl»o second example belongs to phase-displacement group 11. 
Its vector symbol will be Y/A-11. 

Jn a three-winding transformer, the group of connection 
Is identified in a similar way by considering the windings 
III pairs: the primary and one of the secondaries in 
turn. 

The vector symbol Yo/Y/A-12-11 refers to a three-winding 
Inuisformer which has its H.V. winding star-connected 
willi a neutral terminal, provided its M.V. winding also 
Hlar-connected, and the L.V. winding delta-connected, 
'riie clock-hour number for the H.V. and M.V. windings is 
12. For the H.V. and L.V. windings it is 11. 


IT). The Parallel Operation of Transformers 

'I’ransformers are said to operate in parallel when the like 
huids of the H.V. and L.V. windings are connected to the 
like conductors of the line (Fig. 21). 
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I'ig. 21. Parallel operation of two single-phase transformers 


I Imi parallel operation of transformers is advantageous 
Iroiii the view-point of convenience and economy. It was 
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stated earlier that the load on transformers does not remain 
constary;, because the power demand of a given user varies 
within broad limits during a day. Yet, the installed capacity 
of the transformers should be ample enough to take care of 
any demand at any time. 

A single transformer might be installed of a capacity 
sufficient to sustain any load. Unfortunately, it would 
have to he kept continuously energized, although it would 
operate at full capacity only a small fraction of the 
time. 

We have learned that the no-load losses in a transform¬ 
er are always present and independent of the load. Whatever 
the load on a transformer, some of the input power will be 
wasted as the iron loss. The user would put up himself with 
these losses, if the transformer operated at full capacity. 
Under partial load, how^ever, when a transformer delivers 
only part of its ontput power to the receiver circuit, the no- 
load loss makes its operation uiieconomicaL 

For this reason,,a single large-capacity transformer is in 
many cases replaced by two or several transformers of lo’wer 
capacity. The transformers are connected in parallel both 
on the 'li.V. and the L.V. side, but at any given instant 
only a just sufficient number of transformers is energized. 
As the load increases, more transformers are put on the line, 
as the load diminishes, some of the transformers are discon¬ 
nected from the line. In this w^ay, the number of transform¬ 
ers in operation always corresponds to the load. 

Since tho no-load loss of several small transformers is 
always lower than that of an equivalent single transform¬ 
er, the advantgiges of operating them in parallel are obvious. 
Ill most cases, the additional capital cost of several trans¬ 
formers instead of one is repaid within a short period of 
time owing to the economy on the iron loss alone. 

However, some transformers can be paralleled and some 
cannot. Transformers will operate satisfactorily in paral¬ 
lel, provided that they have (1) the same ratio of trans¬ 
formation; (2) the same impedance voltage, and (3) the same 
vector diagram or phase displacement. 

(1) Paralleled transformers must have the same ratio of 
transformation. In other words, their primaries and sec- 
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oiiduries, respectively, should be designed for the same 
voltages. In practical transformers, however, the ratios 
often differ somewhat. Thus, instead of an exact ratio of 
transformation equal to, say 


W(' have 


Ti _ 3,000 

~~tI ~ '^o' 


Ti 3,000 
~T^~ 402.5 


3,000 
“ 403.2 


etc. 


If a transformer operates alone, a difference of two or three 
vidts is immaterial as compared with the required voltage 
of 100 volts. Trouble may, however, be encountered, if this 
tniiisformer is to operate in parallel with a transformer 
whoso ratio of transformation is precisely 3,000/400. And 
IIk^ trouble is this. When two transformers have different 
rntios of transformation, the difference in voltage between 
tho transformers operating in parallel causes a local flow of 
(■-ircolating current in the primary and secondary, entailing 
ji proportional voltage drop across these windings. 

'Tims, circulating currents decrease the primary and sec¬ 
ondary voltages and augment the loss of power, for which 
riNison every effort must be made to prevent them from flow¬ 
ing. Under USSR State Standard (TOCT) 401-41, the differ- 
oiico in transformation ratios between the transformers 
U) 1)0 paralleled should not exceed ±0.5 per cent. 

(2) Paralleled transformers must have the same imped- 
Miice voltage, Ez. It may be shown that the division of 
load l)ctween paralleled transformers is proportional to their 
KVA ratings and inversely proportional to their impedance 
vollagos: 





wlioro P ^-common load 

P\ and P 2 =kVA ratings of paralleled transformers 

and =impedance voltages of paralleled transformers 
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and {P^IE^^E^ =kVA delivered by the respective paralleled 
^ transformers into the receiver circuit 

==inipedance voltage of an equivalent single 
transformer. 

An example will show how the value of Ez ahects the 
divisiuji of common load. 

Let two transformers of 100 kVA each be connected for 
parallel operation to sustain a common load of 200 kVA, 
is 4 per cent and is 5 per cent. From 

200_(‘5?+f)£, 

we get 

Then the kVA delivered by each transformer will he: 

X 4.45 ^ 111 kVA (approx.) 

tLzx 4 

~ X 4,45 = 89 kVA 

/l2| 5 

As is seen, the transformer with the lower impedance volt' 
age is operating at^ll per cent overload, while the transform¬ 
er with the greater impedance voltage is underloaded. If 
the first transformer is not designed for sustained overload, 
the total load P should he reduced so that the load P^ be 

not over 100 kVA, Then 

* 


= 100 


whence 

p 100x4 

100 

^4 per cent 

Then 




= 80 kVA 

and 




P =Pj +Pa = 100 + 80 = 180 kVA 
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To sum up, because of the difference in impedance volt- 
ago between the paralleled transformers, the total load 
P has to be reduced by 10 per cent. 

Now let Ez^=^Ez^zz^i per cent. Then 



Ez ~ 4per cent 

whence 

X 4 = 100 kVA 

iind 

X 4 = 100 kVA 

III other words, an equal division of load between paralleled 
tniiistormers can be accomplished only when they have the 
MHine impedance voltage. 

According to USSR State Standard 401-41, the imped- 
iiiicii voltage should be 5.5. per cent for all transformers 
wUli II.V. windings for up to 10 kV inclusive, 6.5 and 8 
iier cent for up to 38.5 kV inclusive, 10.5 and 11 per cent 
for 110 kV and higher. 

fn practical transformers, the actual values of impedance 
vullage differ from the rated values because of departures 
fi^om iho design dimensions of the windings and core. There¬ 
fore, tfie Standard permits parallel operation of trans- 
fornier.s with impedance voltages within ±10 per cent of 
il)(‘ raLed values. 

(3) Paralleled transformers should have the same vector 
diagram or phase displacement. In other words, in addition 
to c(]iial voltages on the H.V. side, the paralleled transform¬ 
ers should have the same angular phase displacements 
between the line voltages both on the H.V. and L.V. side. 
The example that follows will prove the statement. 

Let there be two transformers of references Y/A-11 and 
Y/A-1. Fig. 22 {a) and {h) shows the combined vectors rep¬ 
resenting the line voltages on the H.V. and L.V. sides 
of th(^ two transformers. If the primary (high) voltages 
be e(iual, then in parallel operation there will be a phase 
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displacement of 60^ between the secondary voltages aihi 
and aafosi, Fig* 22 (c), and a vectorial difference of voltages 
aifei afid £1262 shown by 6162 in the figure. Since the triangle 
aibib^ is equilateral^ bib 2 =(iibi—a 2 b 2 , i.e., equal to the 
line voltage on the L.V. side. 



Fig. 22. Determination of voltage between the L.V. windings 
of paralleled transformers of different reference vector groups; 
a—group reference y/D-ll; b—group reference Y/D-1 ; c—vector diagram 
of paralleled transformers of phase-displacement groups 11 and 1 


To sura up, there will be a difference of voltage betwcmi 
the L.V* windings of the paralleled transformers, equal 
to the line voltage on the L.V. side. As a result, circulating 
currents wdll flow in both the L.V. and H.V. windings. 
This is a proof that transformers with different phase dis¬ 
placements cannot be paralleled. 


16. Heating and Cooling of the Transformer 

The electrh;al energy lost in a transformer in operation 
is dissipated as heat in the windings, the core, the structural 
and other parts of the transformer. Asa result, the Lrausform- 
er is heated up, and some of its parts may exceed the maxi¬ 
mum safe temperature* 

The metallic parts of a transformer can endure elevat¬ 
ed temperatures without damage for a fairly long time, while 
Ibe insulation, especially the insulation of the winding con¬ 
ductors, cannot. 

It has been established that paper insulation, which is 
the principal insulation in present-day oil-immersed trans¬ 
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formers, retains its electric strength as long as its mecha- 
ical strength is not impaired. However, both time and tem¬ 
perature have the effect of decreasing the mechanical strength 
o[ paper insulation which gradually becomes brittle and me¬ 
chanically weak* This process, known as aging, goes on at 
a rate which increases with increasing temperature of the 
windings. 

Severely aged insulation becomes so brittle and weak 
lliat the vibration and mechanical stresses existing in any 
transformer cause it to disintegrate. Electrical failure of 
I, ho transformer will finally result from this physical disinte¬ 
gration. 

The time over which the insulation deteriorates so much 
that it becomes unfit for use depends on its temperature. 
AN other factors being equal, the service life of transformers 
(hicroases with increasing temperature. 

Ill the Soviet Union, the maximum safe temperature of 
transformer insulation is such as would ensure the transform- 
01 * a service life of 20 to 25 years. Experimentally it has 
boon established that for paper insulation immersed in oil 
tln^ maximum safe temperature (i.e., a temperature at which 
tho insulation does not lose much of its insulating proper¬ 
ties) is 105°C. 

Accordingly, USSR State Standard 401-41 specifies that 
for transformers intended for use in localities where the am¬ 
bient temperature does not exceed +35°G the average 
tmnperature rise of the windings over ambient (as measured 
hy resistance) shall not exceed 

105° —35° = 70°C 

However, the ambient temperature varies over a day 
jiml over a year, as does the load. Consequently, the temper- 
nliini of the windings (and of the insulation) will never he 
equal to 105°C. Experience and tests indicate that if the 
iivmage temperature of the windings {as measured by resist- 
amui) bo maintained by some means at 105° all the time, 
tho service life of the transformer would hardly exceed two 
yi'ars. Therefore, the 105° figure should be understood as 
I lie maxi mum safe temperature (as measured by resistance) 
during a few hours a day on the few days when the ambient 
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temperature reaches 35 °G which gives a satisfactory servi¬ 
ce of the transformer. 

As stated earlier, the windings, core and various structur¬ 
al parts of a transformer in operation are heated, for which 
reason they are constant sources of heat* Therefore, there is 
a continuous transfer of heat in the core and windings from 
the hotter to the cooler parts which give up the heat to the 
surroundings. On this account, transformers are so built as 
to make the surface area of the cooler parts sufficiently large 
for efficient heat transfer. 

In transformers with a capacity of a few kilovolt-amperes, 
the cooling surface of the windings and core is sufficient¬ 
ly large to abstract what heat may be liberated in them in 
operation. Such small-capacity transformers are cooled 
by the cooler ambient air through natural radiation. There 
are no special facilities for cooling. Such transformers aro 
called self-air-cooled or, simply air-cooled. Since they use 
ony solid insulation built into their structure, they are also 
referred to as the dry type. 

As transformer capacity increases, the losses also increase, 
and they do so in proportion to the weight of transformers, 
i. e., as the cube of their linear dimensions. At the same time, 
the area of the cooling surfaces increases as the square of 
their linear dimensions. To state this differently, the losses 
in transformers increase at a faster rate than the area of the 
cooling surfaces., 

At a certain definite capacity, the area of the cooling sur¬ 
faces becomes insufficient, and ducts have to be provided 
between the coils so as to increase the area exposed to cool¬ 
ing air. However, this device suffices only for transformers 
with a capacity of 630 to 1,000 kilovolt-amperes. Large 
transformers have to be equipped with air blowers for a forced 
circulation of air through the core and windings so as to 
improve heat abstraction. Such transformers are termed as 
air-blast-cooled. 

Still better cooling is provided by the use of transformer 
oil. The transformer is immersed in a steel tank filled with 
oil. Such transformers are called oil-immersed or oil-cooled. 
The oil next to the coils and core is increased in temperature 
which decreases its density. The lighter oil rises and is 
replaced by the cooler and, consequently, the heavier oil 
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from below. Onrisingto the surface, the hotteroil comes in 
coiiLact with the walls and cover of the tank and transfers 
Its beat to them. The heat is then dissipated into the sur¬ 
rounding air by radiation. The cooled oil goes down to be re¬ 
placed by the hotter oil. Thereby a continuous circulation 
of oil which transfers heat from the hot parts of the trans- 
fornior to the cooler tank walls is set up. 

Naturally, the temperature of the oil in the tank is not 
the same at the bottom as at the top. It is lowest at the bot¬ 
tom and highest at the top, being an average somewhere 
at the middle of the tank. According to USSR State Stand¬ 
ard 401-41, the temperature rise of the oil at the top of 
the Lank (or, simply, the top oil) over ambient should not 
t^xceed 60°C. The top oil rise can be determined by sub¬ 
tracting the ambient temperature at the instant of meas- 
iinunont from the temperature of the top oil (as measured 
hy thermometer). If, for example, the temperatui^e of the 
t(»p oil (by thermometer) is 80°G and the ambient tempera- 
Uwv is 25°G, the top oil rise will be 80°—25°=55°G, which 
Is helow the safe limit. 

Transformer oil is an extremely efficient heat-transfer 
medium. Experiments have shown that in the case of oil 
cooling heat transfer per unit area is six to eight times 
gn^tter than with air cooling. This implies that the windings 
and core of an oil-immersed transformer may have a much 
Hiiiallef area than those of an equivalent dry-type air-cooled 
transformer. 

However, the surface of the tank which dissipates heat 
into the surrounding air should be made sufficiently large; 
it it is not, the oil temperature will exceed the safe limit. 
TIm! simplest way to do so is to increase the linear dimen¬ 
sions (length, width and depth) of the tank. However, 
this method is uneconomical, since it leads to an increase 
ill the overall dimensions of transformers. A better way is 
to use corrugated tank walls, tanks with external welded-on 
LiiIk^s (tubular tanks), or separate tubular coolers (radiators). 

With any of the above arrangements, transformers are 
tt'riiiod oil-natural-cooled or oil-immersed self-cooled. This 
sysUnri of cooling is quite efficient for transformers of up 
lo (),;k)0 kilovolt-amperes in capacity. On larger capacities, 
I III' oil has to be cooled by artificial means. 
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The three methods of artificial oil cooling widely employed 
in Soviet-built transformers are: oil-natural air-blast cooling, 
forced-Sil and water cooling, forced-oil air-blast cooling. 
In the case of oil-natural air-blast cooling, an air blast 
from an air blower is applied to either an ordinary tubular 
tank or a tubular radiator. Such transformers are also known 
as oil-immersed forced-air-cooled. 

In the case of forced-oil and water cooling, the hot top 
oil is forced by pumps through a water cooler, and the 
cooled oil is returned to the tank. Such transformers are also 
termed oil-immersed forced-oil-cooled. 

In the case of forced-oil air-blast cooling, the oil is forced 
by pumps through radiators on which an air blast is applied 
by air blowers. 


Chapter 

2 Design Features of Low- and Medium-capacity 
Transformers 


17, Classification, Designations and Performance 

USSR State Standard (FOGT) 401-41 classifies all power 
Iraiisformers built in the Soviet Union into five groups or 
Hizos according to their voltage and capacity as follows: 

Size 1: transformers with a capacity of 5 to 10 kilovolt-amperes, 
Inclusive; 

Size 2: transformers with a capacity of 180 to 560 kilovolt-amperes, 
Inclusive; 

Size 3: transformers with a capacity of 750 to 5,600 kilovolt-ani- 
jirres, inclusive; 

Size 4: transformers with a capacity of 7,500 kilovolt-amperes 
nnd lijgher with a voltage of 35 kilovolts, and also all other transform- 
ciM with a voltage of 110 kilovolts on the H.V. side; 

Size 5: transformers with a Capacity of 40,000 kilovolt-amperes 
nnd liigher with a voltage of 220 kilovolts and higher on the H.V. 
hide. 

liL this book we shall deal only with transformers of 
Siz(i 1 through 3, with a capacity of up to 5,600 kilovolt- 
juiii)orcs and a voltage of not over 35 kilovolts on the H.V. 
side.* 

Transformer types are designated by letters and numer- 
JiLs as follows: 

'The number of phases is given by the letter 0 for single- 
[iliase, and by the letter T for three-phase units. 

Tfie system of cooling is designated by the letter M for 
oil-natural cooling, by the letter for oil-natural air-blast 
cooling, by the letter II, for forced-oil and water cooling, 


* USSR State Standard 9860-61 has introduced a new classifica- 
linii of transformers hy capacity. Under this standard, Size 1 through 
M include transformers with a capacity of 10 to 6,300 kilovolt-am- 
iM'i'cs and an H.V. voltage of not over 35 kilovolts. 
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by the letters for forced-oil air-blast cooling, and by 
the letter G for air cooling. 

Th^ number of windings is given by the letter T (other 
than placed at the beginning of a type designation) for 
three-winding units (two-winding transformers have no 
special designation). 

Special features and application are designated by the 
letter H for on-load tap changing, by the letter T for light¬ 
ning protection, by the letter III for mine service, by the 
letter P for application in conjunction with mercury-arc 
rectifiers, the letter 3 for application with arc furnaces, 
the letter B for use in drilling rigs, the letter II for testing 
transformers, etc. 

The letter designation is followed hy a fractional nninber 
with the numerator giving the kVA rating of the transform¬ 
er and the denominator indicating its kV on the H.V. side. 

For example, the type designation “TM 100/6” should 
be read as follows: a three-phase (T), oil-natural-cooled 
(M) transformer with a capacity of 100 kilovolt-amperes 
and an H.V. voltage of 6 kilovolts. The designation '‘TMTB 
560/10” reads: a three-phase (T), oil-natural-cooled (M), 
three-winding (T) transformer for application in drilling 
rigs (B) with a capacity of 560 kilovolt-amperes and an H.V. 
voltage of 10 kilovolts. The designation “TlJ,THr 63,000/220” 
refers to a three-phase (T), forced-oil and water-cooled (L(), 
three-win ding (T), on-load tap-changing (H), lightning-pro¬ 
tected (F) transformer with a capacity of 63,000 kilovolt¬ 
amperes and an H.V. voltage of 220 kilovolts. 

There is an additional letter A in the type designations 

of an to transformers. 

* 

18, General Design of Transformers 

The key elements of a transformer are the core and the 
coil (or windings). We have already learned that the core is 
the magnetic circuit of a transformer, through which a mag¬ 
netic flux circulates, while the coils constitute its electric 
circuits in which the primary and secondary currents flow. 

The core and coils are put together into a single core-coil 
assembly which can he handled separately as a complete 
iinil.. 
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J t is frequently desirable on transformers to obtain a 
voltage which is slightly different from its rated voltage. 
This is mostly done by varying the number of active turns 
in the H.V. winding. In most transformers of Size 1 through 
3 this is done with the transformer disconnected from the 
lino, i.e., de-energized or off-load, by means of a special 
tapping switch^ also called the ratio adjuster or off-circuit 
tap changer. Provisions may be made for on-load voltage 
control or tap changing. This is effected by suitable on-load 
tap-changing equipment which consists of several compo- 
jumts. 

Connections between the coils, to the ratio adjuster 
mid to the terminal bushings on the tank cover are made by 
moans of leads. 

Connection of the transformer windings to the external 
circuits is through bushings consisting each of a central con¬ 
ductor (of rod or tubular construction), a porcelain insulator 
(the bushing proper), and a mounting flange. Bushings are 
mounted either on the cover or the wall of the transformer 
tank so that their lower ends, or shanks, are immersed in oil 
Inside the tank and the upper ends are surrounded by air 
(Mitside the tank. 

The core-coil assembly together with the leads and tap- 
jiirig switch is placed in the tank which consists of a shell, 
Imtlom and cover and serves as a container for oil. The tank 
may have cooling tubes welded to it or detachable tubular 
radiators. The cover carries all the accessories and fittings of 
the transformer. Attached to the bottom is a truck on which 
the transformer can be moved about within the substation at 
slow speed. 

When a transformer is energized, its parts (the coils, leads, 
tapping switch, etc.) are at high potential with respect to 
tim core, tank and other earthed parts, and also with re- 
Mpoct to each other. This is why reliable insulation should 
1)0 ])rovided between them. 

The insulating materials used in transformers may be 
Holids and liquids. Solid insulations most commonly used 
In transformers are electrical pressboard, paper, wood, 
paper-base laminates, etc. Liquid insulations include min¬ 
eral (transformer) oil which serves both as an insulation and as 
a cooling medium. 


A 110J 
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In a core-type magnetic circuit, Fig. 24 (a), the vertical 
limbs 1 are of multi-step cruciform section approaching a 
circle.^The limbs carry cylindrical windings 3, The cross 



Fig. 24. Forms of transformer magnetic circuits: 
a—core type; b—shell type; i—limb; 2—yoke; 5—windings 


members of the magnetic circuit, which do not carry 
windings but serve to complete the circuit, are called the 
yokes 2, 

In a shell-type magnetic circuit, Fig. 24 (i), the limbs are 
placed horizontally and are rectangular in cross section. 
Accordingly, the windings for shell-type transformers are 
rectangular. Because of complications in manufacture, 
the shell type in the Soviet Union is employed only for sev¬ 
eral special types of transformers. All power transformers 
are of the core type. 

The joints between the limbs and the yokes may be 
either of the butt or of the interleaved type. 

In the case of butt construction, the limbs and the yokes 
are stacked up separately, the coils are put on the limbs, 
and the top yoke is then placed on (joined with) the limbs. 
The abutting surfaces of the limbs and yokes are separated 
by pressboard to prevent short-circuiting of laminations. 
After the top yoke has been mounted, the whole of the magnet¬ 
ic circuit is compressed and clamped by vertical tie-rods. 
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The butt type of core construction greatly simplifies 
the assembly of a transformer, because the coils can be con¬ 
veniently mounted on the respective limbs after the top yoke 



has been removed. Yet, it is never used in power transform¬ 
ers, since it involves the use of cumbersome clamping 
devices and the machining of the abutting surfaces on the 
limbs and yokes (which is essential in order to reduce the re¬ 
luctance at the joints). It is only used in a limited number 
of special reactor types (Fig. 25) which lie outside the scope 
of this book. 

With the interleaved construction, the limbs and the 
yokes are divided into packets. In each packet the lamina¬ 
tions are so stacked that some laminations in a limb inter¬ 
leave with some laminations in a yoke. The laminations in 
every next packet are made to overlap the joints between 
the laminations in the previous packet. 

The advantages of the interleaved type of core con¬ 
struction are smaller weight, greater mechanical strength, 
small gaps at the joints, and a low value of exciting current. 

On the other hand, interleaved cores considerably com¬ 
plicate the assembly of a transformer: before the coils can 
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The CO re-type magnetic circuit is rigidly confined by heavy 
steel yoke clamps 1 and 8 (Fig. 28) applied on either side of 
the yok^ 4 and 5 and clamped by yoke studs G. These studs 
should be reliably insulated from the yokes to avoid short 
circuits between the laminations with accompanying increased 
eddy-current losses, local heating and burns in the iron. 

The studs are usually insulated by synthetic-resin-bonded 
paper tubes S (Fig. 29) which are slipped over the studs 2. 
The nuts 7 of the yoke studs are insulated from the yoke 
clamps by paper-base laminate washers 5. The top yoke 
clainp 8 also serves for lifting the core-coil assembly and 
carries lead cleats. The bottom yoke clamp also supports 
the coil stacks. 

Some of the Size 3 transformers have steel pressuTB or 
end rings. Where such rings are used, the top yoke clamp is 
fitted with adjustable jark bolts 5 (Fig. 30). In most cases, 



Fig. 30. Clamping arrangement of windings: 

i—top yoke; 2—winding; 3—steel pressure or end ring; 4—yoke clamp; 5—Jack 

bolt 


however, transformers of Size 1 through 3 use tie-rod.s 7 
(Fig. 28) which brace the coil stacks in place to maintain 
axial alignment under short-circuit conditions. By tighten¬ 
ing the nuts on the tio-rods, the top yoke clamps can bo 
pulled down a short distance, thereby taking up any axial 
shrinkage in the coils that may take place in service. 
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So that the top yoke clamps can he pulled down without 
moving the yoke studs, the stud holes are made oval or of 
oversize diameter. 

When a transformer is energized, an electric field is set up 
between the coils and earthed parts (say, the tank). AH metal 
parts within this field will be charged to a certain potential, 
and there will he differences of potential between the charged 
parts and the earthed tank. 

Although small in magnitude, these potential differences 
may prove great enough to break down the small air gaps 
(clearances) between the metal parts. This is an unwanted 
feature in transformer operation, because breakdowns de¬ 
compose and spoil the oil and are accompanied by a crackl¬ 
ing sound which may be misinterpreted as a sign of trouble 
in the transformer insulation. To remove electrostatic 
charges from the metal parts, they are earthed, i.e., kept at 
earth (tank) potential. 

Earthing should be applied to the yoke clamps, all metal 
brackets and other clamping devices except the yoke studs 
which are always at a potential very near to that of the 
core. 

Earthing connections are made by copper ribbons insert¬ 
ed between the core laminations at one end and fastened on 
the yoke clamp at the other. Earthing connections ^between 
the top and bottom yoke clamps are by means of the tie-rods, 
and to the earthed tank by the lifting rod 10. 

Various earthing arrangements are possible, as they are 
determined by the core design, fixation of the core-coil 
assembly in the tank and by the relative position of the 
individual parts. Whatever the earthing arrangement, it 
must provide for reliable earthing of all transformer compo¬ 
nents. 


20. The Windings and Insulation 

The winding for Size 1 through 3 transformers are wound 
with round-wire or strip conductors made of copper or alu¬ 
minium. Round wire is usually enamel- or paper-insulated, 
while strip conductors are wrapped with several layers of 
cable or telephone-cable paper. 



































































Fig. 34. Spiral winding with several conductors in parallel per turn 



Fig. 35. Transpositions in a spiral winding wound with four conductors 

in parallel: 

7, 2, 3, 4 — conductors 
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heavy currents. It is strong mechanically and is widely used 
in transformers as L.V. coils. 

The type most commonly used in Size 3 transformers is 
the continuous-disk winding (Fig. 37). It consists of several 
disks radially wound with strip conductors so that there may 
be several turns in each disk. Fig. 38 shows part of a disk 
with two turns wound with two parallel conductors 



(b) 


Fig. 36, Transposition of con¬ 
ductors in spiral windings: 

a—group transposition; h —general 
transposition 



Fig. 37. Continuous-disk 
winding 


This type has been termed “continuous-disk”, because 
the winding is wound with a continuous conductor without 
a single soldered or welded joint. For continuous interdisk 
connections, every alternate disk is wound with its turns 
reversed, while the other disks are wound in the normal 
manner, so that the interdisk connections are always at the 
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Fig. 40. Yoke insulation: 

J—washer; spacing block; 3—rivet 
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Fig. 41. Coil-end fn^sulation in Size 1 through 3 transformers: 

a wood; b press board; 1 —longitudinal block; 2 —hole; 3 —transverse block: 
^—collar; 5—spacer 
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winding. For this purpose, voltage-control taps are provided 
on the respective winding. 

Fig. 12. shows the off-load (or off-circuit) tap-changing 
arrangements most commonly used on transformers. These 
arrangements u.sually give ±5 per cent variation of the 
rated voltage. In 100 to 1,000-kVA transformers, usually 
three taps are provided: 5 per cent above, normal, 5 per 
cent below, Fig. 12 (a), (c) and (e). Bigger transformers 
{1,000 to 6,300 kilovolt-amperes) havo five taps: 5 per cent 



Fig. 42. Arrangement of contacts in tapping switches: 
a—three-phase ganged; b—three-phase neutral-point; c—single-phase 

above, 2.5 per cent above, normal, 2.5 per cent below, 5 
per cent below, Fig. 12 (&) and (d). In two-winding trans¬ 
formers, voltage taps are placed on the H.V, winding, while 
in three-winding transformers on the H.V. a»d M.V. wind¬ 
ings. Voltage taps are changed by hand-operated off-load 
lapping switches, also known as ratio adjusters or tap 
changers. The tapping switch may be mounted either on the 
tank cover or on the core-coil assembly. Whatever the type 
of tapping switch, it consists essentially of a system of 
fixed contacts (or terminal studs) at which the respective 
tappings are terminated, and a system of movable contacts 
(or shoes) which bridge two terminal studs at a time. 

Fig. 42 shows three arrangements of connections in tap- 
ping switches. The one at a is a three-phase tapping switch 
applicable to the tap arrangement shown in Fig. 12 (c). 
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At fe is a three-phase tapping switch for taps placed at the 
end or in the middle of the winding, Fig. 12 (a) and (6), 
respectively. Such switches are sometimes termed neutral- 
point switches, because their shoes bridge the like tappings 
on different windings, thereby providing a common neutral 
point. The star connection is obtained in the switch itself. 
With the tap arrangement of Fig. 12 {e), the switch bridges 
taps Xg, and giving the rated voltage of the trans^ 
former. Fig, 42 (c) shows a single-phase tapping switch appli¬ 
cable to the tap arrangement of Fig. 12 (d) and also where 
a throe-phasG switch cannot be used because of the heavy 
current in the windings. 

The bridging shoes are shifted by rotating the operating 
handle or knob located on the tank cover. 

A brief description of the most commonly used tapping 

switches follows. 

Type 3-50/35 Switch. Fig. 43 
gives a general view of the Type 
3-50/35 tapping switch used in 
transformers up to 1,000 kilovolt¬ 
amperes in size for voltages up 
to 35 kilovolts. The connections 
are arranged as shown in Fig. 
42 (&). As any tapping switch, 
the Type 3-50/35 consists of an 
operating mechanism and a sys¬ 
tem of contacts coupled by a 
synthetic-resin-bonded paper 
tube. 

The switch is mounted so that 
its top portion is above the tank 
cover. Through the switch dial 
1 passes a steel shaft 2 the top 
end of which carries the operat¬ 
ing handle ,3 (Fig. 43). The 
shaft is placed inside the syn¬ 
thetic-resin-bonded paper tube 4 
and is coupled to a rotary hold¬ 
er 5. 

The rotary holder carries three 
contact shoes 6 which move 



Fig. 43. Type 3-50/35 three 
phase tapping switch: 

switch dial; steel shaft; 3— 
handle; 4—synthetic-resin-bonded 
paper tube; 5—holder; 6—mov¬ 
able contact shoe; 7—terminal 
stud; 5—plastic disk; copper 
ribbon 
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together with the holder. Under the action of coil 
springs the contact shoes can also move 3 or 4 mm axially. 
The springs hold the shoes to the terminal studs 7. The ter¬ 
minal studs (of which there are nine) are fastened in holes 
in a plastic disk 8. 

The top ends of the terminal studs receive the taps from 
the windings, while the bottom ends come in contact with 
the shoes which are interconnected by a copper ribbon 9. 

The desired position of the switch is obtained by turn¬ 
ing the operating handle 3 through 30°. In each position the 
switch is locked by a suitable stop. 

Type TnCy-9-120/10 Switch. Transformers with a capac¬ 
ity from 100 to 1,000 kilovolt-amperes at up to 10 kilovolts 
use the Type TnGy-9-120/10 three-phase tapping switch 
rated for a current of 120 amperes, Fig. 44 (a). 

The steel operating shaft 17 passes through a flange 4 
and is coupled to the operating knob 1 at the top and to 
a synthetic-resin-bonded paper tube 10 at the bottom. The 
lower end of the tube carries a crank 11 and brass contact 
shoes 12. The lower end of the crank is centred in a paper- 
base laminate plate The crankshaft and the contact shoes 
are enclosed in a synthetic-resin-bonded paper cylinder 
8 which is fastened by bolts 7 on a cast-iron flange 9. 

The nine fixed terminal contacts 25, made of brass, are 
equidistantly placed at the lower end of the cylinder and 
have the shape of half-cylinders. Fig. 44 (5). The voltage 
taps are terminated each at one of the fixed contacts on 
the outside. As they move inside the switch, the contact 
shoes bridge three fixed contacts at a time. To change taps, 
the set bolt 3 must be undone and the operating knob turned 
through 120°. 

Type nTJI-4-120/35 Switch. This is a gang-operated three- 
phase switch (Fig. 45) intended for transformers in sizes 
from 1,600 to 6,300 kilovolt-amperes. The switch is rated 
for a current of 120 amperes at 35 kilovolts and is appli¬ 
cable to the mid-winding arrangement of taps as shown 
in Fig. 12 (c). It has three contact systems placed one above 
the other. The fixed contacts 17 are of knife-blade construc¬ 
tion and project into the switch housing. 

The base of the switch is a synthetic-resin-bonded paper 
cylinder 16 fastened to flanges 2 and 20 at top and bottom. 





















Fig. 44. Type TnGy-9-120/10 three-phase tappirg switch: 

a—general view^ b—bottom view; /—operating knob; 2—cndptate; J—set bolt; 
4—riango; 6 —tranaformer cover; rubber gasket; 7 and 13 —fastening bolts; 
j—syntbetlc-resin-bancied paper cylinder; 9 —cylinder flange; /o—synthetic- 
rest unbonded paper tube; Ji—crank; J2—contact shoe; /4—contact bolt; /5 — 
terminal contact; iff—locating disk of paper-base laminate; Jy^operating shaft 
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Fig. 45. Type nTJI-4-120/35 three-phase tapping switch: 

/—tank cover; 2 —top flange of insulating cylinder; iJ—operating-knob flange; 
4—operating knob; 5—nut; &—stuff fug; 7 —gland; S —set bolt: 9 and 14 —gas¬ 
kets; /£>—endplate; ii —stud; /2—key; operating shaft; —synthetic- 
re in-bonded paper tube; /tf—syntbetic-resin-bonded paper cylinder; 17 — fixed 
contacts; u—movable contacts; 19 —botlom shaft end; jjo—bottom flange 

of insulating cylinder 
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The steel operating shaft 13 runs the whole length of the 
switch as far as the bottom flange. The shaft carries a syn- 
thetic-rrfsin-bonded paper tube 15 on which are mounted 
movable contact jaws 18. The tapping connections are ter¬ 
minated at the fixed knife-blade contacts 17 on the outside 
of the switch. The contact connections are arranged as 
shown in Fig. 42 (a). 

For tap changing, the .set bolt 8 should be undone and 
removed from the flange 3, the operating knob 4 turned 
through 90° in the requisite direction, and the set bolt 
again screwed in. 

Drum-type Tapping Switches. Transformers of Size 3 
and bigger use single-phase drum-type tap changers (Fig. 
46). This type of switch consists of two paper-base laminate 



Fig. 46. Drum-type single-phase tapping switch: 

between operating rod and contact shafts; 2 —paper-base laminate 
aisKs. j contact shaft; 4 —contact rod (tube); 5 —contact rings; 6 —cable 


disks 2 into which are inserted rods (or tubes) 4 which oper¬ 
ate as fixed contacts. The movable contacts are rings 5 
spring-mounted on a shaft 3. 

Connections between the rods and the voltage taps on 
the winding are by means of flexible conductors (stranded 
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cables). One end of a flexible conductor is soldered to the 
respective tap, while the other end is either soldered di¬ 
rectly to the corresponding rod or to a terminal screw which 
is then screwed into the rod. 

The drum-type switch is mounted only on tbe core-coil 
assembly (Fig. 47) and always in a vertical position. 
The switch is placed inside synthetic-rosin-boiided paper 
cylinders 9, 10 and 15 which are mounted on Avooden sup¬ 
porting strips 7 and 8* 

The switch is operated by means of a band knob mounted 
on a flange 2 on the tank cover. The knob shaft is coupled 
to the operating rod 5 which is in turn coupled to the con¬ 
tact shaft. Thus, rotation of the hand knob 1 actuates the 
contact shaft, and the ring contacts move, bridging two 
rod contacts at a time. The contacts are connected as shown 
in Fig. 42 (c). 

22. The Leads 

Leads are various conductors located outside the wind¬ 
ings and connecting the windings or their coils with each 
other and also the windings to the terminal bushings and 
the voltage taps to the terminal studs o£ the tapping switch. 
The type and arrangement of leads varies with winding 
arrangements. The lead system also includes lead supports. 

In transformers of Size 1 through 3 leads are assembled 
with copper and aluminium round conductors, copper and 
aluminium square bars, and stranded cables. 

Bare round conductors (copper or aluminium) are used 
on voltages up to 525 volts, while on voltages from 6 to 
35 kilovolts, use is made of conductors in paper insulation. 
Paper-insulated conductors are employed for leads with 
a diameter of up to 5.2 mm. The larger leads either have 
no insulation at all, or synthetic-resin-bonded paper tubes 
are slipped on them. Where uninsulated leads are used 
on voltages from 6 to 3 kilovolts, they should be spaced 
at a considerable distance from the earthed parts of the 
transformer. The spacing may be markedly reduced where 
heavy insulation is applied. 

Round conductors are the cheapest; if of not too large 
a cross section, they can be easily bent to any shape; they 



































Fig. 47. Installation of a drum-type tapping switch on the core-coil 
assembly of a transformer: 

/—operating Knob; 5—fiange welded to tank cover; 3—tank cover; operat¬ 
ing (knob) shaft; h5— operating rod; f?—yoke clanjp; ?'—wooden block; 8 — 
wooden block; 9, /P, iJ— synthetic-resin-bonded paper cylinders; // — paper- 
base laminate disk; i2 —contact rod; contact rings; 14 —cable 
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can be readily insulated. With large sizes of round conduc¬ 
tors, the manufacture of leads is complicated. 

Bare rectangular bus bars (copper and aluminium) are 
best suited for leads over 80 to 100 sq mm in cross section. 
In transformers, they arc mainly used as L,V. leads. Owing 
to rectangular section, the cooling surface is larger than 
that of round conductors of equivalent cross-sectional area, 
so heavier currents may be passed through bus bars. 

Flexible cords, consisting of several fine wires 0.57 mm 
in diameter braided together, are often employed for 35-kV 
leads. Grade BOTB flexible cords are usually insulated 
with paper 3, 6 or 8 mm thick on the side. Flexible cords 
are easy to bend to any shape. 

Copper leads are electric-brazed, using a hard (phos¬ 
phor-copper) solder. The conductors to be brazed are lap- 
jointed and clamped between the jaws of an electric-brazing 
tool, and electric current is passed through the jaws and 
joint. The current heats the joint and melts the solder 
which fills all voids in the joint. On cooling, a reliable 
joint is produced. Aluminium leads are electric-welded in 
an argon atmosphere which ensures a reliable contact be¬ 
tween the conductors. 

Bolted joints on leads are used only in a few cases, for 
example to join leads to terminal bushings. Examples of 
bolted joints are shown in Fig. 48 (a) and (6). The bus bar 
or the flexible cord of the lead is soldered to a flexible con¬ 
nector assembled of light-gauge copper sheets 0.3 mm thick. 
The other end of the flexible connector is clamped on a 
stud by nuts and washers. Flexible connectors in lead-bush¬ 
ing joints are very convenient, because they make up for 
the difference in lead length and protect the leads from 
breakage in transportation. 

Leads are clamped in wooden (beech) cleats attached 
to the top and bottom yoke clamps. One member of a cleat 
serves as a support and the other as a clamp. Where 35-kV 
leads are mounted on cleats, the former are wrapped with 
pressboard sheets 0.5 mm thick to obtain a total thickness 
of 2 to 4 mm on the side. The cleats are held together by 
steel bolts and nuts. 

It is extremely important to make leads precisely to 
drawings. Bends in leads and their spacing from other parts, 
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if not properly executed, may adversely affect the whole 
process of transformer assembly. Cases are known in which 
departufes from drawing instructions (a reduced spacing 
between leads and yoke clamps, wrong bends, or decreased 


Sweated ribbons of 
flexible connector 



(b) 



Fig. 48. Connection of leads to 35-kV bushing terminals: 


a —bar lead; h —cable lead; i—bushing terminal; 2 —flexible connector; 3 —lead 

bar; 4 —cable 


insulation) have resulted in the breakdown of transformers 
during tests. 

Fig. 49 shows the core-coil assembly and cover of a Type 
TM-100/10 transformer. The L.V. leads 1 are mounted in 
wooden cleats 2, The H.V. voltage taps 3 are terminated 
at the tapping switch while the H.V. line leads 5 are 
carried to the H.V. terminal bushings. In all of the lead¬ 
bushing joints *use is made of flexible connectors. The ar¬ 
rangement of connections and the clamping of the leads 
in wooden cleats are also shown in Fig. 23. 

23 . TerminaI Bushings 

In oil-immersed transformers, the windings are connected 
to the external circuits through porcelain terminal bushings 
mounted either on the cover or the walls of the tank. 

A simple transformer bushing consists of a porcelain 
cylinder, which is the basis of the bushing, a terminal as¬ 
sembly, and a mounting flange with which the bushing is 
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fastened to the cover or the wall of the tank. The terminal 
assembly includes the central conductor or terminal and 
all associated current-conducting fittings. 



Fig. 49. Core-coil assembly of Type TM-100/10 transformer with 

cover: 

lead; S—wooden cleat; J—H.V. taps; 4—H.V. tapping switch; 5— 
H.V. line lead; 6 —H.V, lead; 7 —H.V. winding 

The lower end, or shank, of the porcelain cylinder fits 
into the tank, while the other end projects above the cover 
(see Fig. 23). Bushings for 6 to 10 kilovolts are filled with 
air, while bushings for 35 kilovolts or higher are filled with 
transformer oil. 
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The internal insulation of a bushing is further enhanced 
by applying insulation (say, a synthetic-resin-bonded pa¬ 
per sleeve) to the terminal (see Fig. 52). External insula¬ 
tion is provided by the porcelain cylinder and the clear¬ 
ance between the top end of the bushing and the metal mount¬ 
ing flange. The electric strength of the external insulation 
depends on this clearance, decreasing with decreasing clear¬ 
ance. 

Terminal bushings may be designed either for indoor 
or for outdoor service, depending on the design of the por¬ 
celain bushing. 

A bushing for indoor service (the plain type) has either 
a smooth surface or low corrugations, Fig. 50 (a). A bush¬ 
ing for outdoor service must have watersheds or skirts 
(the shedded type), Fig. 50 (&). 




Fig. 50. Terminal bushing for 10 kV, 400 A: 

a—for indoor service; 6—for outdoor service; i—copper terminal; 2 —brass nut; 
5—copper washer; 4—steel cap; 5—porcelain insulator; 6 —steel stud; 7—steel 
nut; 5—cast-iron flange: rubber washer; JO—pressboard washer; JJ—steel 

washer; magnesia cement 


23. Terminal Bushings 


93 


The purpose of the watersheds or skirts is this. When 
the outer surface of a bushing is washed by rain, the rain 
water and the parlictes of dust and dirt on the Lushing 
form a current-conducting him, and the external insulation 
of the hushing loses much of its strength. Where watersheds 
or skirts are provided, the surface of the bushing under 
the skirts remains dry, and the strength of the insulation 
is affected less. By providing the requisite number of sheds, 
it is possible to obtain ample insulation for any atmospher¬ 
ic precipitation. 

As will be recalled, any current-carrying conductor pro¬ 
duces a magnetic field around itself. A magnetic field is 
also produced in the cover or the wall of the tank when 
an electric current flows Lhrough the bushing. Because of 
this, the cover or wall is heated by eddy currents and hys¬ 
teresis losses. 

There exist several methods of controlling the magnetic 
field in the cover (or wall) of the tank. 

First, the openings for the bushings can be made of larger 
diameter. Then the terminal will be placed farther away 
from the cover, and a greater resistance will be offered 
to the magnetic flux. As a result, the magnetic field in 
the cover will be reduced, and the cover will be heated less. 
It is always possible to determine the optimum diameter of 
the openings for a given current. 

Second, instead of one, several bushings can be mounted 
in the same opening. If the bushings mounted in a common 
opening are connected to the start and finish of the same 
winding, there will be no dux enveloping both terminals 
in the cover, because the currents in the bushings are equal 
in magnitude and opposite in direction, and their resultant 
magnetic flux will be practically nil. If the three line bush¬ 
ings of a three-phase transformer be placed in the same 
opening, there will he no magnetic flux around the bush¬ 
ings cither, because the sum of the instantaneous values 
of currents will be zero. 

The common opening for two or three bushings is closed 
by cast-brass covers with as many pockets. Fig. 51. 

Fig, 52 shows an assembled 35”kV bushing for outdoor 
service. The porcelain shell 1 is cemented into a cast-iron 
flange 5 by magnesia cement 4. The copper terminal 3 is 
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brazed to a metal cap 18 which is also made fast to the 
shell by magnesia cement. 

At iCs top the terminal has nuts 16 and washers 15 for 
connection to the line. At the opposite end the terminal 
has a pressboard washer 14, paper-base laminate washer 11^ 
nuts 13 and washers 12 for connection of the lead. 




Fig. 51, Brass mounting for terminal bushings: 

, a —triple; b — double 

The internal insulation of the bushing consists of a syn- 
thetic-resin-bonded paper tube 5 slipped over the termi¬ 
nal, the oil filling the bushing, and the porcelain shell 
i. The external insulation is reinforced by watersheds 2. 

The cap has a threaded hole closed by a screw washer 
and asbestos packing. When the bushing is being filled 
with oil, the screw should be backed off in order to bleed 
the air displaced from inside the bushing by the oil flowing 
in through a cut-out in the pressboard washer. 

A disadvantage of this type of bushing is that holes have 
to be made in the cover for connection of the leads to the 
bushings. Also, when a faulty bushing has to be replaced, 
much oil has to be drained from the tank, which is often 
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difficult to do under service conditions. In this respect, 
detachable bushings are more convenient both to install 
at the factory and to replace in service, because no holes 
have to be made, nor has much oil to be drained off. 

Fig. 53 shows the design of a detachable bushing for 
35 kilovolts. The terminal 1 is brazed to the lead 17 and 



Fig. 52. Terminal bushing Fig. 53. Detachable terminal 
for 35 kV: bushing for 35 kV: 


1 —porcelain insulator; 2 —water¬ 
shed or skirt; 3 —terminal; 4 — 
magnesia cement; 5—cast-iron 
fiange; holt; 7—transfomier 

coyer; riihber gasket; if-syn- 

thetic-reein-boniied paper tube; 
IQ —0 il; i 2 —paper-nase I ami - 

nate washer; 12 and 
metal washers; 13 and le — 
nuts; Jrf—pressboard waabers; 

17 -screw; 13 —metal cap 


1 —terminal; 2 and 13 —metal wash- 
era; 3 and nuts; 4—bushing; 
5 — rubber ring; metal cap; 7— 
air-blecd holt; 3 —rubber washer; 
5—seal; lo —porcelain insulator 
iJ-—steel stud; j 4—steel flange- 
J5—boss; Jfi—tank cover; J7-^lead 
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is passed through the top opening in the porcelain shell 
10. On top of the terminal are a cap 6 and a sleeve 4. The 
nut 5^applies sealing pressure to a rubber ring 5 and a rub¬ 
ber gasket <5. When the bushing is being filled with oil. 



Fig. 54. Terminal bushing for 230-525 V: 

1 —terminal; 2 —brass nut; S —metal washer; 4 —rubber washer; 5 —metal cap; 
6 —insulator; 7 —pressboard washer; 8 —steel stud; 9 —steel nut; 10 —cast-iron 
flange; ii —magnesia cement 


the air displaced from the bushing escapes through the 
hole otherwise closed by a bolt 7. The bushing is mounted 
on the cover on a flange 14 which has bosses 15. For replace¬ 
ment of the shell, it will suffice to remove the nuts, sleeve 
and cap from the terminal, and to unscrew the nuts 12 
on the mounting flange. 

Detachable bushings for 6 to 35 kilovolts are widely 
used on the recent makes of Size 2 and 3 transformers. 
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On voltages from 230 to 525 volts (transformers of Size 
i and 2) use is made of flanged bushings cemented with 
magnesia cement (Fig. 54). No oil is used in these bushings 
which are equally good for both indoor and outdoor ser¬ 
vice. 

Fig. 55 shows a built-up bushing designed for voltages 
not over 525 volts and assembled directly on the trans¬ 
former. It consists of two porcelain shells of which one, 



Fig. 55. Built-up terminal bushing for up to 525 V: 

1 —terminal; 2 —brass nut; 3 —copper washers; 4 and 7 —pressboard washers; 
5 —top shell; 6 —bottom shell; 8 and 9 —rubber washers; lO —steel square nut 

6\ is placed inside and the other, 5, outside the tank. The 
terminal i, with a rubber washer 9 put on it, is passed 
through the inside shell which is inserted through an open¬ 
ing in the cover or wall of the tank from inside the tank. 
The projecting portion of the inside shell fits into the out¬ 
side shell. 

Another rubber washer 8 supports the inside shell on 
the inner surface of the cover, while a pressboard washer 
7 supports the outside shell on the outer surface. The shells 
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are held to the cover by tightening the nuts on the top end 
of the terminal. 

Buitt-up bushings for 525 volts are mostly used indoors. 
On Size 1 transformers for 6-kV service, bigger bushings 
of this type are fitted, usually on the tank wall (see Fig. 57). 

24. The Tank., Cooling Gear and Oil Conservator 

The tank of an oil-immersed transformer, into which 
the core-coil assembly is placed, is a steel container, most 
often oval in shape. The shell of the tank is welded to the 
bottom, while the cover is fastened to a top frame fabricated 
from steel angles. 

Tank design varies with transformer capacity. As stat¬ 
ed earlier (see Sec. 16), low-capacity transformers (not over 
30 kilovolt-amperes) liberate relatively little heat in oper¬ 
ation; the cooling surfaces need not be large, and plain 
tanks are therefore used. 

Fig. 56 shows a 20-kVA, 6-kV transformer in a plain 
tank. The bushings are mounted on the side walls and 
covered by hoods as a protection against rain. The trans¬ 
former is lifted by two lugs provided on the long axis of 
the tank. To the tank bottom are welded two steel-strip 
cross members to install and fasten the transformer on a 
foundation. The level of oil is well below the cover, so 
the joint between the top frame and the cover may be non¬ 
oil-tight. 

On capacities 50 kilovolt-amperes and higher, plain tanks 
cannot radiate all the heat liberated in the transformer, 
and increased cooling surface becomes necessary. This is 
done by weldihg round tubes on to the tank, which gives the 
so-called tubular tank. The tubes are usually 51 mm in 
diameter, having a wall thickness of 1.75 mm. For large 
sizes of transformers (50 to 100 kilovolt-amperes) several 
tubes are welded on to a wall, so that they occupy only 
part of the wall’s perimeter. 

Fig. 57 shows a 50-kVA three-phase 6/0.4-kV transformer 
placed in a tank 1 which has only a single bank of six tubes. 
The built-up L.V. 17 and H.V. 18 bushings are mounted 
on the wall; the hoods over the bushings are not shown. 
The core-coil unit 11 is supported by channels 12 set up 
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on the tank bottom and is fastened by means of plates S, 
bolts and nuts to the angles 10 welded to the tank walls 
from inside. At 8 and 14 are the H.V. and L.V. leads, re¬ 
spectively, connected to their bushings, and at 15 is the 
tapping switch. The tank cover 5 accommodates a ther¬ 
mometer 2, the operating knob 4 of the tapping switch 



Fig. 56. Transformer for 20 kVA with a plain tank: 
2_tank; hood; 5—lifting hook; 4—support plates; 5 —tank top frame 


under a protective hood 5, and an air-bleed and oil-filling 
plug 6. The oil-level gauge 7 and the fuse 16 (see Sec. 25) 
are mounted on the tank wall. 

For large sizes of transformers from 630 to 1,800 kilo¬ 
volt-amperes a single bank of cooling tubes is not enough. 
Instead, two or three banks are provided. Fig. 23 shows 
a 1,800-kVA transformer with three banks of tubes. 

A new series of Soviet-made transformers in sizes from 
60 to 560 kilovolt-amperes (Fig. 58) have elliptical tubes 
of practically the same perimeter as round tubes 51 mm in 
diameter. However, the inner area of an elliptical tube 
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is only half that of a roiuicl tube. Consequently, the el¬ 
liptical tubes hold half the weight of oil in round tubes 
with l^ie same cooling surface. Also, the spacing between 
elliptical tubes is 20 mm less than in the case of round 



Fig. 57. Three-phase^transformer for 50 kVA: 

2— tubular tapk* thermometer; 3— tapping-Bwitch hood; 4— tapping-switch 

operating mochatUsm: tank cover; air^bleed and filler plug- 7 —oil gauge- 

5—H.y leada; s—plate; /0—angle; 21 —core-coil assembly; iS—channel iron¬ 
ic—Oil drain plug; 14 — L.V. leads; is— n.V, tapping switch; 16 —fuse- 
27—L.Y. terminal bushing; is—Jl.Y. terminal bushing; 29—core 

tubes, so more elliptical tubes can be accommodated on a 
given tank in,a single bank. In fact, a second bank of tubes 
may well be dispensed with sometimes. 

For Size 3 transformers larger than 3,200 kilovolt-am¬ 
peres even three banks of tubes prove insufficient, and 
it becomes necessary to employ tubular radiators (Fig. 59) 
which are attached to the ports welded to the tank wall 
instead of the ordinary cooling tubes. 

A radiator consists of a large number of vertical tubes 
which provide several parallel paths for the oil circulating 
in them (Fig. 60). At top and bottom the tubes are welded 
into headers 1 which communicate with the tank through 



Fig. 58. The tank of a 100-kVA transformer with elliptical tubes 



Fig. 59. Arrangement of radiators on the tank of a 5,600-kVA trans¬ 
former: 

2—radiator; 2 —radiator top header; 3 —radiator braces; 4 —port for radiator 

connection 
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ports. The hot oil from the tank flows into the top header 
and through the tubes where it gives up its heat. The cooled 
oil relfiirns to the tank through the bottom header. 

In most cases radiators are made detachable for con¬ 
venience in transportation by rail and in repair. 

So that a transformer can be moved around within the 
substation, units from 100 to 6,300 kilovolt-amperes in 



Fig. 60. Tubular radiator with two banks of tubes: 

r—header; 2—cooling tubes; 3—flange; 4—port; 5—air-bleed plug; 6—lifting 
^ngle; 7 —angle for radiator connection 


size have trucks on rollers (at 18 in Fig. 23). Trucks are 
either detachable or (more often) welded to the tank bot¬ 
tom. At the factory where assembled transformers are 
mainly handled by cranes the truck is usually not used. 

In the tank wall near the bottom there is a plug for tak¬ 
ing samples of oil for acidity and electric-strength tests. 
When oil is to be changed, old oil and sludge are removed 
through the drain plug in the tank bottom. 

All joints in, and attachments on, the tank must be 
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reliably sealed, which takes a good deal of packing mate¬ 
rial, totalling many metres per tank. In Soviet-made trans¬ 
formers the packing material is a special oil-proof grade oi 
rubber. If of good quality, rubber gaskets and seals prevent 
any leakage of oil and enhance tho reliability of transform¬ 
ers in service. 

The oil conservator is an essential feature of oil-im¬ 
mersed transformers, closely related to the tank and cover 



Fig. 61. Mounting of the conservator and the relief stack: 

2—conservator; 2—oil filling plug; 3—relief stack; 4—sump; 3—conservator 
shut-off cock; 6 —Buchholz (gas-formation) relay; 7 —oil line; 8 —oil gauge; 

9 —tank 


(Fig. 61). Under USSR State Standard 401-41, conserva¬ 
tors are fitted on all transformers over 75 kilovolt-am¬ 
peres in size. On new transformers, however, they are mounted 
on sizes from 20 kilovolt-amperes upwards because of the 
decisive improvement in the performance of conservator- 
equipped units. 

The purpose of the conservator is this. Transformer oil 
has a considerable thermal expansion. When a transformer 
is de-energized, the oil in the tank is at ambient temperature. 
USSR State Standard 401-41 fixes the lowest and high¬ 
est ambient temperatures at which a transformer may still 
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be used, —35° and +35°C, respectively. In operation at 
full load and maximum ambient temperature, the tempera¬ 
ture rise of the oil may be as high as 40 degrees, giving an 
oil temperature of 75°C. Thus, the temperature range of 
transformer oil is 110 degrees. It has been calculated that 
over this range the volume of the oil in a transformer may 
change by 8 per cent. 

In the absence of a conservator, the level of oil has to 
be kept some distance below the top cover in order to pro¬ 
vide room for oil expansion with increasing temperature. 
Because of this, the top surface of the hot oil is exposed 
to air. Exposure to air speeds up the ageing of the oil due 
to increased sludge and acid formation through moisture 
absorption and oxidation. 

Where a conservator is fitted on a transformer, the tank 
is completely filled with oil. The excess oil due to expan¬ 
sion flows into the conservator by a pipe (at 7 in Fig. 61). 
The relatively small surface of cool oil in contact with 
air in the conservator reduces the moisture and oxygen 
absorption, so that ageing is effectively retarded. 

The service life of the oil in the tank is further extended 
by provision of a breather^ a device which permits the 
ingress and egress of air in accordance with temperature 
variations inside the transformer. The breather incorpo¬ 
rates a silica-gel dehydrator which takes the oxygen and 
moisture out of the air and an oil seal to remove mechanical 
impurities from the air. 

;The conservator has a sump 4 where sludge and mechan¬ 
ical impurities are collected for eventual removal (Fig. 
61). The sump is welded to the conservator from beneath and 
has a drain phug. To prevent any sludge and impurities 
from getting into the main tank, the pipe from the tank pro¬ 
jects 20 to 25 mm into the conservator. 

A "check on the oil level in the transformer both when 
filling it with oil at the factory and in service is provided 
by the oil level gauge 8 mounted on the conservator. At 
one time, Soviet-made transformers were equipped with oil 
gauges which were connected to the conservator only at the 
lower end (Fig. 61), while the top end was open to atmos¬ 
phere. 

. In the case of a breather, there must be no other contact 
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of the oil with air except in the conservator. This has ne¬ 
cessitated connection of the oil gauge to the conservator 
at both ends (Fig. 62). The joints at both ends of the gauge 
glass 10 are sealed by rubber washers 6 and 11 and glands 
7. When the glass is to be cleaned or replaced, the flow 
of oil from the conservator is cut off by a shut-off screw 12, 

Size 1 and 2 transformers use a flush fitting of the glass 
window pattern. This reflex type of oil gauge is arranged 
as follows. Two holes 4 mm in diameter are drilled in the 
end wall of the conservator, and a piece of transparent 
unbreakable plsLstic (or armour-plate glass) is put over 
a gasket so as to cover the two holes. Then a steel bezel is 
put over the glass and fastened to the wall by two studs 
welded to it. The space between the glass and the wall is 
filled by oil to the same level as in the conservator. 

This type of oil gauge is very simple, but the reliable 
seal around the glass can be obtained only when the glass is 
small in size. Also, the oil level in the oil gauge can be 
seen only if the attendant stands opposite to the end wall 
of the conservator; he cannot see the oil level from the 
side. The glass or the gasket can be replaced only when the 
oil from the conservator is drained off. 

25. Protective Devices and Instruments 

Any fault which occurs inside a transformer in opera¬ 
tion (in.solation puncture, shorted turns, poor contacts, 
or sparking due to poor earthing) is generally accompanied 
by the evolution of gas as a result of the decomposition of 
oil or solid insulation (paper and pressboard). 

The gas bubbles rise to the cover, move to the pipe, run 
to the conservator (for which purpose transformers are set 
up at an angle away from the conservator) and into the 
conservator. On its way there, the gas is collected in a 
device connected between the tank and the conservator. 
After the gas collected reaches a pre-determined volume, 
the device gives an audible or a visible warning of the fault. 
Also, the device trips the circuit-breaker of tbe trans¬ 
former when there is a heavy flow of oil from the tank into 
the conservator. This device is known as the Buchholz or 
gas-formation relay. 









Fig. 62. Oil gauge communicating with the conservator only: 

1 —conservator wall; 2 —pipe; 3 —plate; 4 —rubber gasket; 5—elbow; 6 and 
2i—rubber washers; 7 —gland; 8 —steel clip; 9 —steel armour; 20—glass tube; 

12 —shut-off screw 
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A Buchholz relay (Fig. 63) consists of a metal houfcg 
1 and two floats: upper or alarm float 12 and botton^ftr 
trip float 15^ arranged inside the housing. The floats 
each a mercury switch, 2 and 5. Normally, the floats iTOe 



Fig. 63. Buchholz (gas-formation) relay: 


I —housing; 2 —mercury switch oj bottom (trip) float: 3 —cover rod; 4 —por¬ 
celain-bead insulated wire; 5—mercury switch of upper float; relay cover; 
7 —porcelain insulator; s—terminal; .9—cock; 2P —float frame; 22—upper-float 
pivot; 12 —upper (alarm) float; 13 —weight; 14 —bracket; IB —bottom float; 
jff—bottom-float pivot; //—drain plug 


on the oil surface, and the switches are open. As gas col¬ 
lects in the housing, it displaces the oil out of it. The top 
float drops, and its mercury switch completes the alarm 
circuit on the control board at the substation. In the case 
of a heavy oil flow into the conservator, the bottom float 
rises to close its mercury switch, and the tripping circuit 
is completed to disconnect the transformer from the line, 
thereby averting a major breakdown. 
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To avoid serious damage to the tank and gaskets in the 
case of a strong gas evolution, a device known as the relief 
or explosion stack is provided on transformers. The relief 
or explosion stack (at 3 in Fig. 61) is mounted on the tank 
cover of transformers of 1,000 kilovolt-amperes and over. 
It is a long steel pipe communicating with the tank at one 
end and closed by a disk of thin glass at the other. When 
the pressure inside the tank rises dangerously due to a 
grave fault, the disk bursts, and oil and gas are expelled 
into the atmosphere. If there were no explosion stack, the 
tank would burst instead. 

In the case of a puncture between the H.V. and L.V. 
windings, the potential of the unearthed circuit connected 
to the L.V. windings and of the windings themselves might 
rise to a dangerous value. To prevent this from happenning, 
H.V. windings for up to 525 volts are fitted with a spark- 
gap fuse (at 16 in Fig. 57). 

A spark-gap fuse is .so arranged that it has one side 
earthed and the other side connected to the neutral ter¬ 
minal bushing ori the L.V. side (if the L.V . winding is 
star-connected and has its neutral point brought out) or to 
any line terminals, b or c (if the winding is delta-connected). 

A spark-gap fuse resembles an ordinary plug-type fuse 
used on circuits operating on 127 to 220 volts. It con¬ 
sists of a porcelain housing and a head. The housing has 
two contacts insulated from each other: the central contact 
which is connected to the L.V. winding of the transformer, 
and the base contact connected by a mounting bracket to 
the tank cover (earth). The head, which is screwmd into the 
housing, also has two contacts separated by a perforated 
mica spacer. One of the head contacts touches the central 
contact and the other the ba.se contact in the housing. As 
soon as the potential at the L.V. winding rises (due to a 
fault), the air gaps in the perforations of the mica spacer 
break down, and the L.V. winding is earthed. 

The spark-gap fuse fitted on L.V. windings for 230 
and 400 volts have a breakdown voltage of 351 to 500 volts. 
The fuse provided on windings for up to 525 volts have a 
breakdown voltage of 801 to 1,000 volts. 

In addition to an oil gauge, transformers are also fitted 
with thermometers. Transformers under 1,000 kilovolt- 
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umpires in size have niercury-in-glass thermometers with a 
scale calibrated from zero to 150°C. The bulb of the thermom¬ 
eter is placed in a pocket, a thin-walled steel cylinder 
open at the top. The pocket is inserted into a hole in the 
tank cover and clamped in place by bolts on a rubber gasket. 
1dm thermojneter gives the temperature of the top oil {the 
boltoni end of the pocket is 150 mm below the cover)* In 
ortler to reduce the temperature differential, the pocket 
IS filled with transformer oil. The emergent portion of the 
thermometer (at 2 in Fig, 57) is enclosed in a steel hood 
willi two openings. 

On the larger sizes of transformers, the temperature of 
Lho oil is measured by temperature indicators. A tempe¬ 
rature indicator is a remote-indicating resistance thermome¬ 
ter whose contacts close as soon as the oil reaches a pre-de- 
termined temperature. The contacts complete an alarm cir¬ 
cuit which gives attending personnel a warning of the dan¬ 
gerous condition. On large-capacity air-blast-cooled trans¬ 
formers, the temperature indicator is arranged to start the 
air-blower motor. 







Chapter 

3 ^Materials for Transformers 


26* Electrical Materials Defined 

A great variety of materials go to make a transformer. 
The essential transformer components are, however, made of 
those differing from ordinary structural materials in prop¬ 
erties, especially in their behaviour in electric and mag¬ 
netic fields. Therefore they are called electrical materials. 

The electrical materials used in transformer manufac¬ 
ture may be classed into conductor^ insulation and core ma¬ 
terials* 

Conductor materials are those which have a relatively 
high electrical conductivity and may be used as carriers 
of electric current, or conductors. 

Insulation materials are those which have a low electric 
conductivity and may serve as insulation for the live parts 
of a transformer. ' 

Core materials are those which display high magnetic 
permeability, for which reason heavy magnetic fluxes can 
be easily produced in them. They are used for the manu¬ 
facture of transformer cores. 

Thus, electrical materials have a broad gamut of prop¬ 
erties. Knowledge of these properties is essential to the 
intelligent treatment and use of the materials and the relia¬ 
bility of transformers. 


27* Conductor Materials 

The conductor materials most commonly used in trans¬ 
former manufacture are copper and aluminium, and also 
brass. 


f 


it7. Conductor Materials 


ill 

Copper is a highly malleale and ductile metal of red¬ 
dish-yellow colour. It melts at 1083°C. The density is 
8.9 g/cu cm. Copper metal (in the crude state) is extracted 
from ores. 

As a conductor, copper offers the following advantages: 
a relatively high electric conductivity, i.e., low resistiv¬ 
ity (0.0175 ohm-sqmm/mat -|-20°C), a fairly high mechan¬ 
ical strength and high corrosion resistance in ordinary at¬ 
mospheres. It can be turned, planed, drilled, pressed, forged, 
welded and soldered. 

The copper used in transformers is of Grade Ml (Soviet 
rJassification) which is of 99.9 per cent purity, available 
as bars, sheet, strip and insulated magnet (winding) wire 
lanind or rectangular in section. The most coin in only used 
sixes of hare copper strip are given in Table 1, those of 
bare round copper wire in Table 2, of insula tod round cop¬ 
per wire in Table 3, and of copper bars in Table 4. The nom¬ 
inal cross-sectional area of copper bars in Table 4 is less 
than the product of the bar sides, because the bars man¬ 
ufactured to USSR State Standard 434-53 have their cor¬ 
ners rounded. 

Magnet (or winding) wire for transformers is classed ac- 
c.ording to shape and insulation. Wire sizes are specified 
ill terms of the diameter of bare conductors (i.e., less insu¬ 
lation). 

The basic grades of magnet (winding) wire, as specified- 
in FOOT 6324-52 and using fibrous covering or combined 
coverings of fibrous materials and enamel, are: 

n9JIBOC —wire covered with oil-base enamel and a 
single layer of unspun cotton 
n9JIIIIO —wire covered with oil-base enamel and a 
single layer of natural silk 

] I9JI1IIKO —wire covered with oil-base enamel and a 
single layer of kapron (the Soviet brand of 
nylon) 

HE—round wire covered with several layers of 
cable-paper tape 

IIBBO—rectangular conductor covered with several 
layers of cable-paper tape and unspun cot¬ 
ton helically wrapped 








112 


Materials for Transformers 


nC/1,—slow-burning, i.e., heat-resisting, magnet 
(wiring) wire with a double covering of glass 
* fibre impregnated with a heat-resisting varn¬ 

ish and helically wrapped unspun cotton. 

The last grade of wire is widely used in windings for 
special-purpose transformers. 

Aluminium is a ductile metal, silver-white in colour. 
It melts at 657° G. The density is 2.7 g/cu cm. Aluminium 
is extracted from bauxite by two operations: the prepara¬ 
tion of aluminium oxide and cryolite, and the electrolysis 
of the aluminium oxide dissolved in a fused mixture of 

Table 1 


Bare Copper Strip 
(rOCT 434-53) 


Thickness x 

X width, mm 

Cross 
section, 
sq mm 

Weight, 
kg per 
metre 

Thlcknessx 

X width, mm 

Cross 
Ecction. 
sq mm 

Weight, 

’ kg per 
metre 

0.1x30 

3 

0.027 

0.3X50 

15 

0.134 

0.3x10 

3 

0.027 

0.3x60 

18 

0.16 

0.3x20 

6 

0.053 

0.3x80 

24 

0.214 

0.3x30 

9 

0.08 

0.5x12.5 

6.25 

0.056 

0.3x40 

12 

0.107 





Table 2 


Bare Round Copper Wire 


* 


Dlam eter, 
mm 

Gross 
section, 
sq mrii 

Weight, 

kg/m 

Diameter, 

mm 

Cross 
section, 
sq mm 

Weight. 

kg/m 

2.44 

4.68 

0.042 

7.4 

43 

0.383 

3.05 

7.3 

0.065 

8 

50.3 

0.446 

4.1 

13.2 

0.118 

8.6 

58.1 

0.514 

4.8 

17.3 

0.161 

9 

63.6 

0.565 

5.5 

23.8 

0.212 

10 

78.5 

0.608 

6.5 

32.2 

0.287 

12 

113.1 

1.01 


Insulated Round Copper Wire 
(rOCT 6324-52) 


Table 3 



Bare Copper Bars 


Table 4 


'i'h tcknesg x 

X width, 
rum 

Gross 
section, 
sq mm 

Weight* 

kg/ra 

Thickness x 

X width, 
mm 

Cross 
section, 
sq mm 

Weight, 

kg/m 

2.83x30 

83.2 

0.756 

5x80 

399.1 

3.56 

4.4x25 

109.1 

0.98 

6x80 

479.1 

4.27 

4.4X30 

131.1 

1.18 

5x100 

499.1 

4.45 

4.5x40 

179.1 

1.57 

7x80 

559.1 

4.98 

5x40 

199.1 

1.78 

8x80 

639.1 

5.7 

5x50 

249.1 

2.22 

8x100 

799.1 

7.12 

4.5x60 

269.1 

2.35 

10X100 

999.1 

8.9 

5x60 

299.1 

2.67 

12.5x100 

1249.1 

11.12 

6X60 

359.1 

3.2 





8-1192 
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cryolite with other fluoride compounds. Its electrical 
conductivity is somewhat lower than that of copper. The 
resisti^^ity at +20°G is 0.0292 ohm-sq mm/m (which is 
1.65 times that of copper). 

Aluminium can he readily worked by rolling, drawing, 
spinning, extruding and forging. Files for aluminium 
should have sharper teeth, while cutting and milling tools 
should have sharper cutting edges than for other metals. 

In ordinary atmospheres aluminium has a high resistance 
to corrosion. The metal is always covered with a thin film 
of oxide which protects the underlying metal from further 
oxidation. Aluminium is much more difficult to solder 
and weld than copper. In transformer manufacture alumin¬ 
ium is used as bars, round conductors for leads, and in¬ 
sulated round and rectangular conductors for coil winding. 


Table 5 

Bare Round Aluminium Wire 
(rOCT 7871-56) 


Diameter, 

mm 

Cross 
section, 
sq mm 

Weight, 

kg/m 

Diameter, 

m 

Cross 
section, 
sq mm 

Weight. 

kg/m 

5 

19.6 

0.053 

8 

50.3 

0.136 

6 

28.3 

0.077 

10 

78,5 

0.213 

7 

38.5^ 

0,104 

12 

113.1 

0.306 


Bare Aluminium Bars 
(rOCT 5414-50) 


Table 6 


Thickrie.ss x 

X width, 
mm 

Cross 
section, 
sq mm 

Weight, 

kg/m 

Thickne.ss x 

X width, 
mm 

Cross 
section, 
sq mm 

Weight, 

kg/m 

4X 30 

120 

0.325 

6 X 80 

480 

1.301 

4 X 40 

160 

0.434 

8 X 80 

640 

1.734 

5 X 30 

150 

0.407 

10 X 60 

600 

1.626 

5 X 40 

200 

0.542 

10 X 100 

1000 

2.71 

5 X 60 

300 

0.813 

12 X 100 

1 200 

3.252 
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The most commonly used sizes of round aluminium wire 
are given in Table 5, while Table 6 gives those of aluminium 
bar. 

Aluminium wire is made in the same standard sizes as 
copper wire (but with different resistance and weight). 
The grade designations of aluminium conductors for coil 
winding include the letter A (for example, AIIBBO, AIIB, 
etc.). 

Brass is an alloy of copper and zinc. The grade designa¬ 
tions of brass include the letter JI which is followed by 
letters and numerals giving the content of copper and 
other constituents. 

Brass of Grade JI62 (35 to 40 per cent zinc) and of Grade 
JIG59 (38-42 per cent zinc and 0.8-2 per cent lead) are widely 
used in transformer manufacture. Both grades melt at 
about 920°G. The density is 8.5 g/cu cm. Brass is easier 
to machine and cheaper to make than copper. Therefore, 
where electrical conductivity may be traded for hardness 
(such as in contacts for switching apparatus, mounting 
hardware, etc.), brass is a better choice than copper. 


28. Insulation Materials 

The properties of importance in insulation materials 
are electric strength (which is expressed in terms of break¬ 
down or puncture voltage), ability to absorb moisture 
from the surroundings, mechanical strength (the maximum 
load on a specimen which causes its fracture), and thermal 
stability (the ability of a material to withstand a speci¬ 
fied working temperature without appreciable reduction 
in reliability). 

Under FOCT 8865-58, all insulation for electric machines 
and apparatus is grouped on the basis of thermal stability 
into seven classes (Table 7). 

The limiting temperatures (called “hottest-spot temper¬ 
atures”) given in Table 7 are the maximum temperatures 
which insulating materials can withstand for prolonged 
periods when used in electric machines and apparatus 
operating under normal service conditions and under rated 
load. Insulation of a given class may be used in combina¬ 
tion with materials from the lower temperature class, 








































Table 7 


Classes of Insulation on the Basis of Thermal Stability 


CJa?s 

4 - 

Tempera¬ 
ture limit, 

Description 

y 

90 

Materials or combinations of materials such as 
cotton, silk and paper neither impregnated nor 
immersed in oil, also other materials or their 
combinations such as capable of operation at the 
Glass Y temperature 

A 

105 

Cotton, silk and paper when suitably impreg¬ 
nated or coated or when immersed in a dielectric 
liquid, and also other materials or their combina¬ 
tions such as capable of operation at the Class 
A temperature 

E 

120 

Certain synthetic organic films, and also mate¬ 
rials and their combinations (such as Lavsan'*', 
polyvinyl chloride, etc.) capable of operating at 
the Class E temperature 

B 

130 

Materials or their combinations such as mica, 
asbestos and glass fibre with suitable organic 
bonding, impregnating or coating substances, and 
also other materials or their combinations, not 
necessarily inorganic, such as capable of operation 
at the Class B temperature 

F 

155 

Materials or combinations of materials such as 
mica, asbestos and glass fibre, with suitable syn¬ 


* 

thetic bonding, impregnating or coating substances, 
as well as other materials or combinations ol 
materials such as capable of operation at the Glass 
F temperature 

II 

ISO 

Materials such as silicon elastomer and combi¬ 
nations of materials such as mica, asbestos or 


• A Soviet-invented polyester resin which can be formed into filaments and 
fibres from which textiles are made (resembling Terylene and Dacron).—Tr, 
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Class 

Tempera¬ 
ture limit, 
°C 

Description 



glass fibre, with suitable bonding, impregnating 
or coating substances such as appropriate silicon 
resins, and also other materials and combinations 
of materials capable of operation at the Class H 
temperature 

C 

above 180 

Materials or combinations of materials such as 
mica, ceramics, glass fibre, quartz, with or without 
inorganic or silicon binders, as well as other ma¬ 
terials and combinations of materials capable of 
operation at temperatures above the Class H limit 


provided that at the temperature of the higher temperature 
class the composite insulation will not undergo changes 
in electrical and mechanical properties such as would 
disqualify the insulation for continuous service. 

The insulating materials employed in transformer manu¬ 
facture include pressboard, paper, wood, varnished cloth, 
cotton tape, varnishes, enamels, transformer oil, built-up 
or laminated boards, synthetic-resin-bonded paper tubes 
and cylinders, and porcelain. 

Pressboard, Grade 3M1H to FOCT 4194-58, is made of 
unbleached sulphate pulp and is intended for immersion 
in transformer oil at up to 95°C. It has good electrical 
properties (electric strength, etc.), increased oil absorption 
and mechanical strength. 

Pressboard 0.5 mm thick is available in rolls 1,000 mm 
wide. Pressboard 1 to 3 mm thick is made in sheets. Small- 
size sheets measure 850 mm by 950 mm and 850 mm by 
1,100 mm, large-size sheets measure 1,650 mm by 3,800 mm. 
TJie density is 0.9 to 1 g/cu cm. The surface of pressboard 
sholild be smooth, without holes or current-conducting 
inclusions. When pressed or cut on guillotine shears, press- 
board should not laminate. Pressboard is made into in¬ 
sulating parts for transformers. 

Cable paper, Grade K-120 to FOOT 645-59, 0.12 mm 
thick, with a density of 0.76 g/cu cm, is made from kraft 
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pulp of natural tan colour and with coarse-ground fibres. 
Cable uaper is usually treated with transformer oil in order 
to reduce porosity and increase density. As a result, the 
oil is broken up among a multitude of narrow canals, which 
improves the electric strength of the materiaL Cable paper 
is used as interlayer and lead insulation in transformers. 

Telephone-cable paper, Grade KT-05 to TOCT 3553-60, 
0.05 iTim thick, having a natural tan colour and a density 
of 0.8 g/cu cm, is made from kraft pulp. It is used as sup¬ 
plementary insulation between coil layers and on winding 
wire. Telephone-cable paper is inferior to cable paper in 
mechanical properties. 

Crepe paper, to Specs. Ty-6-58, 0.5 mm thick, having 
crinkles across its width, is made from kraft pulp. The 
density is 0.82 g/cu cm. The elongation is up to 50 per 
cent. It is used as winding tap insulation. 

Beech, to FOCT 2695-56, is a deciduous tree having 
a heavy, hard and strong wood which machines well. In 
transformers it is used as a structural material. The density 
is 0.65 to 0.7 g/cu cm. The moisture content in a freshly 
cut wood is 35 to 45 per cent, which can be reduced to 
5-7 per cent by drying. When drying, the temperature 
should be raised and lowered gradually to avoid cracking 
due to shrinkage. Beechwood shrinks differently with or 
across grain. Beechwood increases the acidity of transformer 
oil less than other woods. 

The electrical properties of beechwood can be improved 
either by impregnation with transformer oil (for oil-im¬ 
mersed transformers) or by coating it with varnishes (for 
di’y-type tru risfornu^rs). 

Variiish(‘d clofli, to TOCT 2214-60, is made from cither 
cotton or silk irnprcgnaLed with insulating varnish. The 
fabric provides a fairly high mechanic strength, while the 
varnish coating gives high electric strength. Varnished 
silk cloth is stronger electrically, although lighter in thick¬ 
ness, but is more expensive than varnished cotton cloth. 

Grade .TTXCM is an oil-resistant varnished cotton cloth 
treated with clear varnish. It is made in thicknesses 0.17, 
0.2, and 0.24 mm. The density is 1.1 g/cu cm. It is used as 
winding tap and lead insulation in oil-immersed transform¬ 
ers. 
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Grade JIIIICC is a special-purpose varnished silk cloth 
treated with clear varnish. It is made in thicknesses from 
0.04 to 0.06 mm and from 0.1 to 0.15 mm. It is used as 
winding tap and lead insulation in oil-immersed transform¬ 
ers. 

Grade JIX4 is black varnished cotton cloth available 
in thicknesses 0.17, 02, and 0.24 mm. The impregnating 
varnish is an oil-tar variety. It is not oil-resistant, although 
it has better electrical properties. It may be used as wind¬ 
ing tap and lead insulation only in dry-type transformers. 

Cotton tape, to FOOT 4514-48, as used in transformer 
manufacture, is usually of two patterns, namely surgical 
tape (or herring-bone pattern) and linen-finished tape 
(taffeta pattern). 

Surgical tape, which has the same thread count for both 
warp and weft, has a 45-deg bias which produces the her¬ 
ring-bone pattern. In linen-finished tape, the threads cross at 
right angles. The thread count is the same for both warp and 
weft. Cotton tape is usually made in widths from 10 to 50 mm, 
either 0.45 mm thick (herring-bone pattern) or 0.25 mm 
thick (linen-finished pattern). Its uses are mechanical 
protection for insulation and as a binding material during 
the assembly of the core-coil unit. 

Varnish No. 202, to Specs. BTV MBIT 766-51, is an oleo- 
synthetic resinous varnish of the coating baking variety. 
It is obtained by mixing linseed or china-wood (tung) 
oil and a synthetic resin at high temperatures—a treat¬ 
ment which produces an oil-modified resin. It is used as 
a core plate varnish for insulating transformer laminations. 
The varnished laminations are passed through an oven 
where the temperature is maintained at 250° to 300 °C. 
During the baking (or “stoving”) the solvent burns out, and 
the varnish undergoes polymerization, forming a hard and 
strong coating which is highly resistant to oil and moisture. 

Varnish No. 302 is similar to No. 202 both in uses and 
effects. The solvent for both is kerosene. 

Phenolic varnish, to FOCT 901-56, is a solution of so- 
called one-step phenolformaldehyde resins in alcohol.* 

* Two types of reaction are employed in the commercial manu¬ 
facture of phenolic-aldehydic resins, usually referred to as one-step 
and two-step reactions.— Tr. 
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In transformer manufacture phenolic varnish bonds press- 
board into built-up parts where thickness in excess of 
3 mm^is required. 

For bonding, the pressboard parts are given a coat of 
phenolic varnish, stacked up to the requisite thickness 
and put between the hot platens of a hydraulic press where 
they are cured at 125° to 140 °G under a pressure of 40 kg/sq 
cm for one or two hours. 

rO-95 varnish, to FOCT 1018-56, formerly No. 1154, 
an impregnating oil-modified alkyd varnish of the baking 
variety. It forms a clear and hard coating of high gloss 
and high resistance to oil. The coating retains elasticity 
for a long time despite ageing due to temperature. The 
electric strength of the coating is 70 kV/mm at 20°G, 
30 kV/mm at 90°, and 20 kV/mm after 24 hours’ immersion 
in water. The varnish is used to impregnate transformer 
coils, imparting them high mechanical strength. 

The baking is carried out at a high rate, in the presence 
of air, during 18 hours, at 105°G. For faster baking (8 to 
10 hours). Grade 'MJI-92 varnish is added. The solvent for 
rO-95 varnish is petrol. 

Varnish No. 447, to FOGT 6244-52, is a black impregnat¬ 
ing oleo-resinous varnish of the fast-baking variety (during 
10 hours at 105 °G). The coating has good resistance to 
moisture. It is used to impregnate the coils of dry-type 
transformers, and also as a coating varnish for insulation 
and wooden parts, in dry-type transformers. The solvent is 
petrol. 

BT-99 varnish, to FOGT 8017-56, formerly the 462-11, 
is a black impregnating oil-tar varnish of the air-drying 
variety. It pfoduces a good moisture-resistant coating on 
the impregnated coils and leads of assembled dry-type 
transformers. The solvent is petrol. 

rO-92/rC enamel, to FOGT 9151-59, formerly GEfl 
enamel, is a baking enamel of grey colour, consisting 
of a suspension of pigment in alkyd varnish with an 
addition of drying oil and solvents. 

The enamel forms a glossy coating resistant to oil and 
moisture, having a high mechanical strength and giving 
good protection to the main insulation against transient 
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surface discharges. The electric strength of the coating is 
30 kV/mm. The enamel dries during 3 hours at 105° to 
llO^G. It is used to impregnate the coifs of dry-type trans¬ 
formers operating in locations with increased humidity, 
and also to coat the leads and parts of assembled transform¬ 
ers. The solvent is high-Hash naphta. 

Transformer oil, to FOCT 982"56, obtained by fractional 
distillation of petroiouin, has a density of 0,9 g/cu cm. 
It doubles as an insulation and a cooling agent transfer¬ 
ring heat from the hot parts of a transformer (the coils and 
the core) to the tank walls. 

As an insulator, oil hacks up the solid insulation between 
the H.V. and L.V. windings and raises the insulation 
level of the transformer as a whole. A good grade of oil 
should have high electric strength, which implies complete 
freedom from moisture and mechanical impurities. 

As a cooling agent, oil should have low viscosity in order 
to be capable of circulating freely between the hot and 
cold parts of the transformer. At 50°G its viscosity is as 
low as 9.6 centi-stokes, and it can efficiently perform its 
function. 

The flash point of oil should be not lower than 135°G, 
and the freezing point should be not over —45°G. Before 
filling a transformer with oil, the oil should be additional¬ 
ly dried and filtered. The breakdown voltage of fresh trans¬ 
former oil should be at least 40 kilovolts for the 2.5 mm 
spacing of a standard rod-gap. 

Built-up or laminated boards, to FOGT 2718-54, consist 
of sheets of impregnated paper bonded together with phe- 
nolformaldehyde resin. The density is 1.3 to 1.4 g/cu cm. 
They may be used for operation both in air and in trans¬ 
former oil. 

The following grades of built-up or laminated boards are 
used in transformer manufacture: 

Grade A—for immersion in transformer oil; 

Grade B—same, but with an increased electric strength 
along laminations; 

Grade B—for operation both in air and in transformer 
oil; 

Grade F—for operation in air at elevated humidity. 
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Laminated boards can be easily sawn, drilled, turned 
and milled. Under 50 mm in thickness, the material 
is made in sheet form. High-voltage transformers use 
Grade 9T of laminated boards made to Tentative Specs. 
HJK-29-59. 

Synthetic-resin-bonded paper tubes and cylinders, to 
FOOT 8726-58, are made of bakelite-coated sheets of paper 
wound on mandrels. The diameter of the mandrel used 
determines the inside diameter of tubes and cylinders. 
During the winding operation, the paper is passed with its 
unvarnished side over the hot rolls of the winding machine. 
The tube or cylinder wound on its mandrel is then cured 
in an oven. 

The following grades of synthetic-resin-bonded paper 
tubes and cylinders are manufactured: 

Grade TB—inside diameter, 6 to 80 mm; length, up to 
1,200 mm; 

Grade inside diameter, 85 to 1,500 mm; length, 

up to 2,000 mm. 

Synthetic-resin-bonded paper tubes and cylinders can 
be drilled, cut, turned and milled. Grade TB tubes are 
used in transformer cores and as lead insulation. Grade 
l^B cylinders are employed as formers for the coils of Size 1 
through 3 and special purpose transformers. 

Porcelain, to FOCT 5862-51, is a key ceramic material 
widely used in the manufacture of insulators. Large pieces, 
such as transformer bushings, are made by the so-called 
wet process from a wet plastic mixture of kaolin, hall clay, 
quartz and felspar shaped on a potter’s Tvheel and turned on 
a lathe. The ‘"green” products are then dried, coaled with 
glaze for strength and bred in a kiln at 1320*^ to 1350^0. 

29, Core Materials 

Transformer cores are made from so-called electrical 
sheets and strip available in a variety of grades. The steel 
used for the purpose is known as electrical-sheet steel, 
or iron. 

Electrical-sheet steel, to TOCT 802-58, is a silicon alloy 
with silicon content ranging from 0.8 to 4.8 per cent. Silicon 
increases the magnetic permeability of steel in weak mag¬ 
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netic fields and increases its resistance, thereby reduc¬ 
ing eddy-current losses. Electrical-sheet steel is produced 
in open-hearth turnaces. 

Sheets are manufactured by rolling steel ingots either 
in the hot or in the cold state. Accordingly, there are hot- 
rolled and cold-rolled sheets. A relatively recent develop¬ 
ment in the production of high-quality strips for transform¬ 
er cores is cold-reduced oriented silicon steel. By special 
cold rolling (or reduction) and intermediate annealings in 
a hydrogen atmosphere, the crystallites of the steel are so 
oriented that high permeability and low loss are ensured 
in the rolling direction. While for hot-rolled transformer 
sheets the maximum induction is 14,500 to 15,000 gauss, 
the figure for cold-reduced oriented silicon sheets is up 
to 17,000 gauss, so that both the weight and size of trans¬ 
formers can be appreciably reduced. 

Soviet transformer makers use hot-rolled sheets of Grades 
341, 342 and 343, and cold-reduced sheets of Grades 3310, 
3320 and 3330. 

The grade designations of electrical sheets are read as 
follows: 

3 stands for electrical sheet steel. The numeral (1,2, 3 or 
4) immediately after the letter 3 gives the silicon content; 

1— low-alloy steel (0.8 to 1.8 per cent silicon); 

2— medium-alloy steel (1.8 to 2.8 per cent silicon); 

3— medium-to-high alloy steel (2.8 to 4 per cent sili¬ 
con for hot-rolled sheets and 2.5 to 3.5 per cent silicon 
for cold-reduced strip); 

4— high-alloy steel (4 to 4.8 per cent silicon). 

The second numeral (1, 2 or 3) gives a relative indication 
of the standard core loss (watts per kilogram)* as follows: 

1— normal core lossess; 

2— reduced core losses; 

3— low core losses. 

The zero at the end of a grade designation signifies that 
this is cold-reduced steel. 


* Standard core loss is defined as the total power in watts consumed 
in each kilogram of material at standard temperature when subjected 
to an alternating magnetizing force so as to produce an induction be¬ 
tween specified limits of opposite sign at standard frequency.— Tr, 
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Electrical sheets are available in thicknesses of 0.35 
and 0.5 mm. Cold-reduced strip is made in a thickness of 
0.35 mm. 

30. Auxiliary Materials 

Transformer manufacture also uses a number of auxi¬ 
liary materials such as 'solders, soldering fluxes, rubber, 
decorative enamel, primer and nitrocellulose lacquer. 

Solders are alloys of two or more metals used for joining 
metals (wires, etc.) together by melting a suitable alloy 
into the joint. Since solders have a lower melting point 
than the metals to be jointed, the metals do not melt. The 
molten solder fills the voids in the joint and, on solidify¬ 
ing, unites the metals. This process is called soldering. 
There are two general methods of soldering, namely, soft 
soldering and hard soldering, or brazing. Accordingly, 
there arc soft solders and hard solders, or spelter solders. 

Soft solders melt at not over 350°C. They consist chiefly 
of lead and tin, although other metals are occasionally 
added to lower the melting point. In the Soviet Union soft 
solders are made to FOOT 1499-54. The numerals iu the 
grade designations of solders give an approximate tin 
content. The most commonly used .soft solders are: 

nOC-30 of the composition: tin, 30 per cent; antimony, 
2 per cent; lead, remainder. It melts at 25G‘'C and is used 
to tin copper-ribbon leads. 

nOC-40 of the composition; tin, 40 per cent; antimony, 
2 per cent; lead, remainder. The melting point is^ 235'’C. 
It is used to join winding wire of small cross section and 
transformer coil leads. 

Hard or spelter solders are employed where s^tronger 
joints are essential. Brazing is done at 530° to 720"C. The 
most commonly used grade of hard solder is flMO-T. 

nMtP-7 is an alloy of 92.5 per cent copper and 7.5 per 
cent phosphorus. It melts at 715°C and is used to braze 
winding wire and transformer leads made of round and 
bar copper. A.s the phosphorus content increases, the mate¬ 
rial becomes more brittle and its melting point rises. 

Soldering fluxes. 11 a soldered joint is to be strong and 
sound, it is essential that an alloy be formed between 
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the metal and the solder. This requires that the surface of the 
metal be entirely free from foreign substances, such as 
oxides, oils, or various kinds of solid matter. This is ac¬ 
complished by using a flux that melts at the fusing temper¬ 
ature of the solder to dissolve the oxide film and to exclude 
the air from the joint. The most commonly used fluxes 
are colophony or rosin, borax, boracic acid, sal-ammoniac 
and zinc chloride. 

Colophony or rosin fuses at 68° to 70°G and dissolves in 
alcohol. It is a cheap and easy-to-get material. 

Borax is a white crystalline powder fusing at 741 °C. 
It is used either alone or in a mixture with boracic acid. 

Rosin, sal-ammoniac and zinc chloride are made into 
what is known as soldering paste of the following formula 
(parts by weight): 


Rosin. 

... 64 

Stearine. 

... 64 

Zinc chloride . . . . 

. . , 45.5 

Sal-ammoniac . . , . 

... 9 

Vaseline .. 

... 100 

Water.. 

... 18 


Soldering paste is made as follows: the zinc chloride 
and the sal-ammoniac are dissolved in the water. The 
rosin and the stearine are melted over a low flame while 
stirring, until a creamy mass is obtained into which the 
zinc chloride and sal-ammoniac solution is poured. The 
mixture is stirred until a uniform and thick paste is ob¬ 
tained. The vaseline is then added to the paste while it is 
warm, and this is again stirred thoroughly. The ready 
paste is poured into moulds measuring about 250 mm in 
length and 15 mm square in section and is allowed to so¬ 
lidify. 

Oil-resistant transformer rubber, to Specs. TY 1567-49 
and Ty 233-54 is used in transformers in the form of gas¬ 
kets, joint seals and the like. It is available in plates from 
2 to 16 mm thick, 500 to 960 mm wide, and 500 to 5,000 mm 
long. Resistance to oil is essential because it comes in 
contact with transformer oil at up to 95°G. In the case of 
rubber not resistant to oil, oil would dissolve the sulphur 
found in the rubber and might cause trouble if the sulphur 
were allowed to attack the copper. 
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After 24 hours’ immersion in transformer oil at 100±5°C, 
rubber plates should swell not more than 10 per cent by 
weight^ The plates should neither laminate nor become 
smeary on the surface. The hardness of rubber plates should 
be 45-62 Shore. 

Decorative ciiamelj Grade tI>CX-23, to FOOT 926-52,^ is 
a suspension of finely divided pigments in alkyd varnish 
with additions of drying oils and solvents. The enameMs 
of grey colour. It dries in air inside 1.5 hours at 80 C. 
The solvent is petrol. 

Primer No. 138, to TOGT 4056-48, is a suspension of pig¬ 
ments in alkyd varnish. The primer is of red-brown colour. 
The drying time at 100 to llO^'C is inside 35 minutes. It is 
used on transformer parts and units {tanks, covers, conserva- 
tors, etc.) preparatory to painting with Grade OCX-23 
enamel 

Grey nitrocellulose lacquer No. 624-C, to TOCT 7462 55, 
is a solution of nitrocellulose in organic solvents with 
additions of resins, plasticizers and pigments. The drying 
time at 18 to 22°C is imside 8 minutes. It is used on the 
inside surfaces of transformer tanks, covers and conserva¬ 
tors coming in contact with oil. The lacquer uses thinner 
No. 646. 


Chapter 
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Assembly of the Core-coil Unit 
(Stage One) 


31. General 

The purpose of transformer assembly is to put together 
transformer parts and units into a single whole. The process 
of assembly consists of a number of operations, such as 
assembly of the windings on the core, reblading (stacking 
up) of the top yoke, assembly and soldering of leads and 
connections, assembly of the bushings, mounting of the 
transformer accessories on the tank cover, tanking of the 
core-coil assembly. These operations differ in the way they 
are carried out and in the purpose they serve. Therefore, 
it is customary to divide transformer assembly into three 
stages, each performed in a separate bay or production 
area. 

The assembly of the eore-coil unit (stage one) involves 
operations necessary to unblade (take apart) the top yoke, 
to install the insulation, to place the L-V. and H.'V^ coils 
on the core, and to reblade (stack up) and clamp up the top 
yoke. 

The assembly and soldering of the leads and connections 
(stage two) involves operations necessary to assemble and 
make the winding connections, voltage-control taps and 
line leads, and to insulate the leads. 

The tanking of the core-coil assembly (stage three) in¬ 
volves operations necessary to finish the core-coil assembly 
after drying, to mount the transformer accessories and 
fittings on the tank cover, to set up the terminal bushings, 
to connect up the leads and taps to the bushings and the 
tapping switch, to lower the core-coil assembly into the 
tank, and to fill the tank with oil. 
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Standing somewhat apart are operations necessary to 
dismantle, finish and hand over the transformer for dis¬ 
patch %fLer the tests* Some parts on Size 3 transformers 
have to he dismantled prior to despatch because of the 
iimitations imposed hy the railway loading gauge. The final 
operation is the finishing of the transformer after the parts 
to he shipped separately have been dismantled and packed* 

Tile division of transformer assembly into stages under 
factory conditions facilitates planning and supervision. 
Within each stage, work is done to a definite sequence, 
which fact contributes to high efficiency and workman¬ 
ship. 

The assembly of every transformer type would be impos¬ 
sible to discuss separately because of the great multitude 
of makes and designs available, especially in Sizes 1 through 
3. Nor would it be reasonable, because the main operations 
of transformer assembly are almost the same for all types 
and sizes; the top yoke has to be unbladed in all transform¬ 
ers, the windings are worked and mounted in much the 
same way, as is the insulation, and the top yoke is clamped 
similarly. 

For our discussion, the most representative types of 
transformers have been chosen with the maximum number 
of operations common to the assembly of a given transform¬ 
er size. Where transformer assembly differs from the 
general pattern, such as in the case of 35-kV three-phase 
transformers, moving-coil voltage regulators and some 
others, emphasis will he placed on the difference. 

The parts that come for the first stage of assembly include 
the core, the L.V. and H.V, coils, the insulation, and 
packing strips and bars. Whatever the transformer type, 
the core comes fully assembled and complete with all the 
accessories. Before the coils can he placed on such a core, 
the accessories have to be d is man Lied and the top yoke 
unbladed. 

At first sight it may seem that this is a waste of labour 
and time: the stacked-up yoke is unbladed to he rehladed 
again. Yet, there is some reason for this. When being stacked 
up for the first time, the yoke is placed on the side, 
and the worker can conveniently fit the laminations to one 
another, avoiding excessive gaps at the joints, so when the 
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yoke is rehladed a better interleaving can be obtained. 
Also the assembled core is easier to handle and it takes 
less storage space. However, when cores are manufactured 
on a mass scale by flow-line methods, it is more advanta¬ 
geous not to stack up the yoke until after the coils have 
been placed on the limbs. 

For convenience in the assembly of transformer cores, 
those for transformers of up to 100 kilovolt-amperes in 
size should be set up on benches 600 mm high, of up to 
400 kilovolt-amperes on benches 350 mm high, and cores 
for transformers in the 630- to 1,000-kVA class should be 
put on the floor next to the work station. As to sizes in 
the 1,600- to 6,300-kVA range, the assembly floor should 
be equipped with suitable cradles and other fixtures. 

It is essential that the assembly floor be level, i.e., free 
from low or high spots. Even the slightest waviness of the as¬ 
sembly floor may cause considerable displacement of the 
limbs relative to each other. This would be an intolerable 
condition, since there would be excessive gaps at the joints 
after the top yoke is rehladed. The total length of such 
gaps would be equal to the displacement of the limbs, 
and, if allowed, excessive gaps would cause an increase in 
the exciting current. 

32. Tools for Transformer Assembly 

Transformer assembly involves the use of a variety of 
tools and fixtures, all of them contributing to efficiency 
and workmanship. Special tools will be described together 
with the operations done in the first, second and third 
stages of assembly. Here we shall be concerned with general- 
purpose tools which are frequently used and must therefore 
be always at hand. 

Bench Vise, The bench vise is used to hold a piece or 
part while it is being sawed, filed, chiseled or otherwise 
worked on. It is simple and convenient to use. When the 
handle is turned a screw in the base of the vise moves the 
movable jaw towards or away from the stationary jaw, 
while keeping them parallel. To avoid marring or other¬ 
wise damaging the finished surfaces of parts that are to be 
clamped in the vise, caps of soft metals, such as copper, 

9-1192 
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brass or aluminium, are placed over the steel jaws. They 
are usually referred to as “soft jaws. n . o 

Hauft vises come in useful for clamping small pieces tor 

filing, drilling or assembly. , i i i- 

C-cramps are among the simplest clamping and holding 
tools used to hold parts in place during assembly. 

Hammers, made of tool steel (Soviet grades are Y7 and 
■yS), may have either a round or a square face and an oval 
hole in the centre for a handle. The face is hardened. The 
handle is made of hard woods (maple, dogwood or mountain 
ash). Assembly hammers weigh 300 to 600 grams. 

Cold chisels are made of too! steel (the Soviet grade 
is y7A), octahedral or oval in section. The cutting edge 
is hardened and tempered for a length of 20 to 30 mm. Cold 
chisels are used for cutting metals, removing burrs, etc., 
by driving with a hammer. 

Files are made of tool steel (the Soviet grades are y8 
and yi3) or chrome steel (the Soviet grades are HlXb, iilAd 
or 111X15), quenched to a high hardness. According to shape, 
files are classed into flat, square, three-square, round, 
etc According to grade of cut, files are classed into rough, 
coa^e or bastard (i.e., coarse-cut) and into second-cut, 
smooth, dead-smooth or super-smooth (i.e., fine-cut), hiles 
are used for removal of a thin layer of metal, and for clean¬ 
ing of contacts and leads at the joints to be soldered, 
Screw’drivers are made of tool steel (the Soviet grade 
is y?). They are used for driving, or turning, screws by 
the slot in their heads which may he round, fillister or 
countersunk. The blade of a screwdriver should be shaTpened 
so that it will not tend to rise out of the screw slot when it 

is turned. * r i i i 

To speed up work, use is made of screwdrivers clamped 

in the chuck of a drill. With such as screwdrivor, screws can 
be rapidly turned and unturned, since it has a double 
helix and a pawl for reversal of rotation. Screws more 
than 6 mm in diameter are turned hy air- or electric-oper¬ 
ated screwdrivers which are fitted with a slip clutch for 
adjustment of tightening force. , , ,, i. 

Spanners, or tools for turning nuts and bolts, may ne 
open-end, ring, adjustable and box. ^ 

Open-end and ring spanners are available with diiierent 


32, Tools for Transformer Assembly 


131 


aiz(^ of openings at their ends and are designed for use on 
plain work where there is no interference. It is essential 
that the size of the opening be the same as the size of the 
nut or bolt head. Adjustable spanners have a movable jaw 
which can he opened by means of a toothed rack and a 
worm to accommodate different sizes of nuts or bolts* 
III transformer assembly, however, they are less convenient 
than llie open-end type since, because of the larger head, 
holts and nuts in restricted spaces are difficult to reach. 
Also, the adjusting nut of the spanner may move of its own 
accord, increasing the opening of the jaws, and the spanner 
will slip off the nut or holt. 

Box spanners come in useful where bolts and nuts are 
ml Hush (ill counterhores or holes) and it would be impos- 
Millie to reach them with the ordinary type of spanner. 
Also, box spanners are often used on open nuts and holts 
iiir the reason that, once put on a nut, a box spanner need 
rinl, repositioned each swing. Instead, it is turned by 
hanging hands on its tommy-bar, speeding up the work, 
Kiirlhorniore, a box spanner encloses a nut from all sides 
mill would not slip off, even though the pull at the spanner 



J—frame; 2—tension-screw wing-nut; 5—blade; 4—handle 


may he great. When air- or electric-operated, box spanners 
imiko efficient power bolt-drivers. 

IMicrs are pincers having long jaws, which may be flat 
or round, for bending wire, holding small objects, etc. 
I liey are made of plain carbon steel (the Soviet grade is 
Steel 50). The jaws are quenched and tempered to the 
I'iMjaisite hardness. 
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There are also nipper pliers, or nippers, for cutting wire, 
small-diameter rods, etc. They are made of tool steel 
(the Soviet grade is Y7). The cutting edges are quenched, 
tempered to the requisite hardness and sharpened, 
Hack-saws are saws using a narrow blade (Fig. 64) set 
in a frame fitted with a handle and a tension screw with a 
flynut. The blade should be set in the frame so that the 
teeth point away from the handle, and proper tension is 
applied to it. Hack-saws are used to cut off small blanks 
or parts, to trim holts and studs, etc. 



Fig. 65. Electric-operated portable drill: 

/—motor; 2 —armature; 3—small gear; 4—chuck; 5—spindle; 6—large gear; 
7 —casing; 8 —switch 


Portable drills are used for on-the-spot drilling of holes 
in transformer assembly. They may be electric (Fig. 65), 
air (Fig, 66) or hand-operated (Fig. 67), Electric drills 
must be eartljed when being used. 

The measuring devices most widely used in transformer 
assembly are: a steel scale, calipers, and vernier calipers. 

The steel scale is a strip of hardened spring steel 150 
to 1,000 mm long, graduated and numbered in millimetres 
and centimetres on one side. It is used for measuring out¬ 
side and inside dimensions and distances. For long objects, 
use is made of folding rules and tape measures. 

Calipers may be outside and inside. As the name implies, 
outside calipers are used to make external measurements on 
cylindrical pieces, and inside calipers for measuring the 
diameter of holes, the width of slots, etc. The outside 



Fig. 66. Air-operated portable drill: 
/—spindle; 2 —reduction gear train; 3—vanes; 
4 —trigger; 5 —rotor; 6 —stator; 7 —chuck 



Fig. 67. Hand-operated drill: 

1 —stationary handle; 2 —gear transmission; 3—breast-plate; 4 —crank 
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caliper should be adjusted to slip over the cylindrical piece 
being measured easily of its own weight. The inside caliper 
should l^e entered in the hole and adjusted until it 
will slip in the hole with a slight drag. After the caliper 



Fig. 68. Vernier caliper: 

1 —fixed jaw; 2—movable, (gauging) jaw; 3 —slide;^4—adjusting screw and nut 
to impart fine motion to gauging Jaw; 5—blade; 6—crossbead; clamping 
screws; s—vernier scale 


(either outside or inside) is adjusted, it is placed against 
a scale, and the measurement is read from it. 

Calipers are made of tool steel (the Soviet grades are 
y? and yS), with the legs quenched for a distance of 20 mm. 

Vernier calipers (Fig. 68) can be used to take both out¬ 
side and inside measurements with an accuracy unattain¬ 
able with the scale, outside or inside calipers. Vernier 
calipers are majle of carbon or alloy steel. 


33. Unclamping the Top Yoke 

Before the top yoke can be unbladed, it must be un¬ 
damped. To do this on Size 1 and 2 transformers, the nuts 
are undone on the top yoke clamps and the lifting-rod 
plates or angles are removed. 

Using a box spanner, the top nuts are run off the vertical 
tie-rods, then the nuts on the yoke studs are broken loose 
in turn and unscrewed on one side, and one of the clamps 
is taken down. Then, while holding the other top yoke 
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clamp with the left hand, the yoke studs and synthetic- 
resin-bonded paper tubes are pulled from the top yoke, 
and the other clamp is taken down. 

On Size 3 transformers (Fig. 69), temporary studs 2 
(20 mm in diameter and 680 mm long) are inserted 



Fig. 69. The top yoke of a Size 3 transformer prior to nnblading: 

1 —yoke clamps; 2 —temporary stud; 3 —yoke stud; 4 —herring-bone tape; 5 —in¬ 
sulating spacers; 6—earthing ribbon; 7—U-cramps; 8 —lifting rod 


into the outer holes 1 in the top yoke clamps. The tempo¬ 
rary studs should be threaded on both ends for a distance 
of 200 mm, so that they can be used on different core sizes. 
Nuts are run onto the temporary studs to within 20 or 
30 mm of the yoke clamps. After unclamping, the tempo¬ 
rary studs and nuts will hold the top yoke clamp on the 
core until it is taken off by crane. 

Using a box spanner, the nuts on one end of the yoke 
studs 3 are then run off, and the steel and laminated paper 
washers and bushings are pulled from the yoke studs. 
While holding up one of the top yoke clamps with a crane, 
the temporary studs are removed and the clamp is taken 
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dowii to be landed in a designated area in the assembly 
bay. Then the nuts are rnn back onto the temporary studs, 
and thf studs are slowed away on a rack for further use. 

To take down the other top yoke clamp, it is pulled 
up with a crane and the yoke studs are taken out together 
with synLhetic-resin-honded paper tubes, taking care not 
to damage them. Sometimes, the paper tubes may be jam¬ 
med in the holes by the steel laminations of the top yoke. 
Then the tubes must be knocked out of the holes by means 
of a suitable drift. At the same time, the earthing strip 
6 must be removed from the top yoke. All the parts 
removed should be returned onto the yoke studs. 

To keep the laminations from falling out of the nn- 
clamped top yoke, U-cramps 7 are applied. They should be 
staggered and inserted between the laminations so as not 
to damage the core-plate insulation with their sharp edges. 

Between the top yoke and the top yoke clamps there 
usually are pressboard spacers 5 rivetted to a pressboartl 
sheet as tong as the yoke clamps and as wide as the clamps' 
height. The spacers and the sheets form oil ducts for cooling 
the side surfaces of the yoke. Before removing the top yoke 
clamps, the sheets and spacers should he banded with tape 
4 (Fig. 69) to the top yoke clamps and removed together 
with them. 

34, Unblading the Top Yoke 

The top yoke is nnbladed by hand. The operation con¬ 
sists in that the laminations 1 are pulled out in packets, 
starting with the outer plates, and the packets are stacked 
up on a bendi (Fig, 70) in the case of Size 1 and 2 trans¬ 
formers. The laminations of Size 3 transformers are stacked 
up on special cradles. 

The point that should he observed while unblading the 
top yoke is this: the laminations should be stacked in order 
as they are removed. This is essential because the lamina* 
tioDS differ in length or, if they are of the same length, 
in the spacing of holes. So each plate must go back into 
the same position in the yoke as when the core was origi* 
nally built. Also care must be taken not to damage the 
core-plate insulation. 


34, Unblading the Top Yoke 


137 


In the case of Size 1 and 2 transformers, the top yoke 
plates may be removed nine to twelve at a time. The top 
yoke of a Size 3 transformer should be unbladed, depend¬ 
ing on how it was originally stacked up, i.e., two or three 
plates at a time. 

The top yoke of transformers in sizes above 1,000 kilo- 



Fig. 70. Unblading the top yoke of a Size 1 transformer: 
1 —top yoke laminations; 2 —parts prepared for reblading 


voU-amperes is usually unbladed from both sides simuh 
taiieonsly, removing the U-cramps from the yoke as the 
nnhlading progresses. Since the workmen on either side 
will not always keep the same pace, one may take more 
jilates than the other. To avoid misplaced plates on reblad¬ 
ing, the position of the last-removed core plate should be 
marked with a length of tape inserted between the stamp¬ 
ings of a limb. If the core has a single cooling duct, it may 
serve as a line of division. 

On reblading, the plates should go into the original 
positions, beginning with the last-removed plates which 
should be put on top of the ^taeje op the cr^idle, The reblad- 
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ing operation should always be started at the place where 
the unblading operation was completed. Otherwise, the 
yoke nfay have to be rebladed again. 


35, Preparation for the Assembly of the Core 

After unblading, the core should be prepared for the 
placement of the insulation and of the coils. The prepara¬ 
tion consists in banding the limbs as tightly as possible 
with lengths of tape passed through the holes for the yoke 
studs and inlining up the lamination packets in the limbs. 

This is essential for two reasons. For one thing, if not 
lined up, the plates at the top ends of the limbs will make 
it impossible to centre the coils over the limbs. For another, 
even though it proves possible to centre a coil over 
its limb and to begin the placement, there may be a serious 
danger of cutting the inter-turn insulation by the sharp 
edges of the protruding plates inside the coils. This is 
dangerous because the damage cannot be detected after 
the coil has been put on its limb. 

The core must be thoroughly inspected. On Size 3 trans¬ 
formers special attention must be paid to the oil duct in 
the bottom yoke and the limbs. It must be open for the 
free circulation of cooling oil. The e|^es of the plates in 
the bottom yoke and limbs should^^e free 'from dents or 
any other damage which may ^result in the short-circuit¬ 
ing of plates, which will inevitably entail increased heat¬ 
ing and even a burn in the core. 

Dents and nicks on the edges of the yoke and limb plates 
may be sometimes so large that the core will have to be 
unbladed and •the defective plates replaced. In the case 
of slight damage it may be eliminated without unblading 
the core. It may happen sometimes that the edges of several 
plates in the bottom yoke are bent in the same direction 
by an accidental blow. To dress the plates, loosen the yoke 
a little, insert a steel flat chisel between the damaged 
plates, and straighten them. In the case of a damaged 
core-plate insulation, insert pieces of telephone-cable 
paper between the plates to restore the insulation. 

After inspection and elimination of defects, clean dust 
from the core and blow it with a jet of compressed air. 
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36. Assembly of the Coils on Size 1 and 2 Transformers 

Size 1 Transformers for up to 10 kV. Represen^tive of 
this type will be a lOO-kVA, 10-kV three-phase oil-immersed 
transformer whose corc-coil assembly is not too difficult 
to put together. This size of transformer uses two-layer 



Fig. 71. Assembly of insulation on the core: 

1 bottom yoke clamp; 2 —pressboard sheet; 3 —pressboard barriers; 4—wooden 

spacers; 5 —pressboard wrap 


cylindrical coils on the L.V. side and multiple-layer cylin¬ 
drical coils with ±5 per cent tappings on the H.V. side. 
The coils are wound on stiff synthetic-resin-bonded paper 
cylinders. 

The coil-end insulation in such transformers is built 
up of wooden spacers of simple shape. It also doubles as 
the yoke insulation. The spacers fit snugly under the steps 
of the top yoke and the coil end forming an even seating 
for the coils. 

After a check on the coil for compliance with the order 
and design note, the temporary bands are removed from 
the coil. Then wooden spacers 4 (Fig. 71) are placed on 
the bottom yoke clamp 1. The spacers should be secured 
on pressboard sheets 2 placed between the yoke and the yoke 
clamp. These sheets also lock the spacers in place. Next 
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come two pressboard barriers 3 which should be also set 
up on the bottom yoke. The L.V. coil should be insulated 
from *he limb with rectangular pressboard sheets 1 mm 
thick (or with twice as many sheets 0.5 mm thick) hent 
into semi-cylinders by hand. 

Pressboard can be easily bent only along grain; when 
unbent, it will show no traces of bending. Across grain it 
gives broken bends and cracks. 



Fig. 72. Assembly of the L.V. winding on a Size 1 transformer: 
1 —L.V. winding; 2 —pressboard wrap; 3 —cotton cord 


Two semi-®ylinders put on each limb with an overlap 
and secured temporarily with a cotton string form a wrap 5, 
After the limbs have been thus insulated, the L.V. coils 
are put on them, starting with an outer limb, and the 
cotton string is removed from the respective wraps. The 
coil should fit onto the limb snugly (Fig. 72). Sometimes, 
the workman has to force it into the final position. However, 
he should never use a hammer for the purpose, since this 
will damage the winding insulation. 

If the coil does not fit snugly on the limh, a thicker 
grade of pressboard should be taken for the wraps. If there 
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is a marked difference in diameter between the limb and 
the coil, both diameters should be measured. Most often 
it will be found that the diameter of the limb (including 
the tolerance) is less than it should be. Then the core must 
be discarded. 

The H.V. coils, too, should he placed on the limbs by 
hand, starting with an outer limb (Fig. 73). They should 



Fig, 73p Assembly of the H.V. winding on a Size 1 transformer: 
1 —L.V. winding; 2 —H.V. winding 


be assembled on the core according to drawings and the 
design note. The H.V. winding ends should be brought 
out on the core side opposite to that where the L.V. winding 
ends are taken out. 

The L.V. winding ends should be stripped of the wire 
insulation and of the varnish with which the coils are im¬ 
pregnated. As a rule, they are skinned with a gas torch and 
then scraped bright with a knife. The skinned L.V. winding 
ends should then be straightened, bent over a steel mandrel 
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and insulated as specified in the drawing for a distance of 
100 mm with cable-paper strips 20 mm wide. The paper 
strips Should fit closely to the winding ends bent to drawing. 

The paper strips should be applied to form a half-lap 
and to give the thickness specified in the drawing. The in¬ 
sulation thus applied should be then banded with linen- 
finished tape also applied half-lapped. 

Both the bending and insulation of the L.V. winding 
ends is a critical operation, because the winding ends are 
run between the yoke clamp (which is earthed) and the 
H.V. coil end. 

Size 2 Transformers for up to 10 kV, The coils of Size 
2 transformers are assembled somewhat differently from the 
coils of Size 1 transformers. 

Before the coils can be assembled on the core, the coil- 
end insulation should be placed on the yoke clamps. The 
coil-end insulation consists of four longitudinal and two 
transverse blocks (instead of small spacers used in Size 1 
transformers). 

The coil-end insulation is topped with the yoke insula¬ 
tion (see Fig. 40) which is a pressboard washer and press- 
board blocks rivetted to it. The washer has holes for the 
L.V. winding ends. The yoke insulation is put on the limbs 
so that the cut-out in the washer for the L.V. winding ends 
be on the requisite side of the core. 

After the yoke^ and coil-end insulation has been placed, 
the limbs are insdlated from the L.V. coils with pressboard 
wraps (as described above). 

In the case of Size 2 transformers, the L.V. and H.V. 
coils have to be lifted onto the core by crane. For lift¬ 
ing, the H.V.*coil should be reliably secured with a cotton 
string 6 (Fig. 74), lest it should drop out. 

There also is some difference in the winding end insula¬ 
tion. On multiple-layer coils, the ends of the L.V. winding 
adjacent to the H.V. winding are additionally insulated 
with a pressboard strip 0.5 mm thick and also with strips 
of cable paper as described above. 

On continuous-disk or spiral windings and for voltages 
up to 10 kilovolt-amperes on the H.V. side, the winding 
ends are insulated with varnished cloth bias-cut into strips 
25 to 30 mm wide. The strips of varnished cloth are applied 
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to the winding ends half-lapped to obtain the thickness 
specified in the drawing, and are then banded with linen- 
finished tape also half-lapped. 



Fig. 74. Assembly of the H.V. winding on a Size 2 transformer 

1 —longitudinaJ block; 2 —transverse block; 3 —yoke insulation; 4 —L.V. wind¬ 
ing; 5 —H.V. winding; G —cotton cord 


Size 2 Transformers ifor up to 35 kV, The procedure is 
about the same as for Size 2 transformers. The H.V. winding 
is packed out with pressboard spacers which form hori¬ 
zontal (radial) ducts in the L.V. winding which may be 
of the spiral or continuous-disk type. The spacers also hold 
in place the insulating cylinder of the H.V. winding. 

Special emphasis must be placed on the insulation of 
the L.V. winding ends. Before the insulation is applied, 
the winding ends must be properly bent and positioned. 
The clearance from the L.V. winding ends to the limb should 
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be not less than 40 mm. If an L.V. winding end is improp¬ 
erly bent or insulated, it will be misplaced in the cut-out 
of the^yoke clamp, the clearance to the yoke clamp and to 
the H.V. winding will be reduced, and the insulation may 
be punctured. 

The winding ends should be insulated with varnished 
cloth to obtain a thickness of 4 mm on the side. 


37, Packing Out the Coils in Size 1 and 2 Transformers 

After the L.V. and H.V. windings have been assembled 
on the core, they should be packed out. The L.V. windings 
are packed out on the limbs by round bars and suitably 
shaped strips of beechwood placed next to the core. The 
H.V. windings are packed out on the L.V. windings by 



Fig. 75. Packing out the windings of a Size 2 transformer: 

1 —shaped beechwood packing strip; 2 —beechwood batten; 3 —pressboard box; 
4 —round beechwood packing bar 


beechwood battens enclosed in pressboard boxes. The 
strips and battens are held in place by friction. 

The packing-out operation begins with the H.V. coils 
(Fig. 75). Two pressboard boxes 3 are placed between the 
L.V. coil and the H.V. cylinder, opposite each locking 
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strip which hold in place the interturn spacers. Then beech¬ 
wood battens 2 rubbed with paraffin wax are driven between 
the boxes to a depth of 30 mm. 

Every other batten should be driven across the diameter 
from, rather than next to, the previous batten. If a batten 
slips in easily, a pressboard liner should be placed under 
it. Tightly fitting battens should be either replaced or 
reduced in thickness by planing as much as may be neces¬ 
sary. 

Next come the L.V. coils. The packing out of the L.V. 
coils both locks them radially and applies additional 
pressure to the limbs. Use is made of round bars and shaped 
strips of beechwood {4 and 1 in Fig. 75) driven between 
the limb steps and the pressboard cylinder of the H.V. 
winding. 

Because of the waviness of the core laminations and the 
variations in the diameter of the winding and core, the 
diameter of the beechwood bars 4 specified in the drawing 
may prove sometimes greater or smaller than is actually 
required. Therefore, it will be good practice to try the 
bars first and to replace them with those of the correct 
diameter, if necessary. 

The bars are then rubbed with paraffin wax and driven 
in by hand as far as they will go (to a depth of at least 
30 mm). This done, the bars are further driven in with a 
hammer. In using a hammer, care must be taken to avoid 
heavy blows, as they may split the top end of a bar and it 
will have to be replaced. The round bars are driven in first, 
because they are of a smaller diameter and break easily. 
Also when the coil is first packed out with round bars, 
there is less danger that it will be made oval by the shaped 
packing strips. 

After the bars and strips have gone in as far as the core, 
they are further driven in with vulcanized-fibre or wooden 
blocks put on their top end so as not to damage inad¬ 
vertently the core plates or the winding end insulation. 
The beechwood bars and strips should run the whole length 
of the winding. Should the top end of a bar or strip be dam¬ 
aged, it should never be cut off, because some part of the 
winding will not be braced up against radial mechanical 
stresses occurring in transformer operation. 
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After the windings have been packed out, the top press- 
board shields are installed between the top yoke and the 
winding, and also the interphase barriers, if any are speci¬ 
fied in the drawing. The barriers are pressboard sheets up 
to 3 mm thick and have cut-outs at the ends which corre¬ 
spond with the steps of the yoke. 

38. Assembly of the Coils on Size 3 Transformers 
for up to 35 kV 

A much more complicated procedure is involved in the 
assembly of the coils on the core of Size 3 transformers 
for up to 35 kilovolts, and a more detailed description is 
therefore given. Size 3 transformers use either continuous- 
disk or spiral coils wound on stiff synthetic-resin-bonded 
paper cylinders. 

Placement of the Bottom Coil-end and Yoke Insulation. 

Before the insulation can be installed, the H.V. and L.V. 
sides must first of all be identified. Proper identification 
is important, since otherwise all the windings may prove 
turned the other way round with respect to the core, making 
impossible the further assembly of the coils. 

The core sides are identified by reference to the drawings 
of the core or lead assembly. Whether a yoke clamp be¬ 
longs to the H.V. or the L.V. side is determined by the 
number and layout of holes in the clamp. The holes are 
intended to secure the beechwood cleats clamping and 
supporting the leads. 

After the sides of the core have been identified, the coil- 
end insulation is installed. It may be made of either wood 
(for transforrfters up to 1,600 kVA in size) or tough press- 
board. Wood is employed on a limited scale, because its 
compressive strength is too low to stand up to axial short- 
circuit stresses. 

In the case of wood, the coil-end insulation, Fig. 41 
(a), consists of beechwood blocks arranged both along and 
across the yoke clamps. The longitudinal blocks 1 have 
holes 2 for the tie-rods which hold the top and bottom 
yoke clamps together. The tie-rods also hold the blocks 
from displacement. The bottom transverse blocks 3 are 
held in place by studs welded to the yoke clamp flange; 
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the top transverse blocks are locked in place by the nuts 
of the lifting rods. 

When made of pressboard, the coil-end insulation con¬ 
sists of collars 4 to which spacers 5, Fig. 41 {h), are rivetted 
from both sides. The collars are made up of segments and 
horseshoe shaped pieces. Their outer diameter should be 
a little greater than the outside diameter of the H.V. wind¬ 
ing. 

The spacers on the collars have the same width as the 
spacers on the washers of the yoke insulation. However, 
the spacers on either side of the collar differ in thickness. 
Those facing the yoke clamp flange form a smaller oil 
duct than facing yoke insulation washers. The L.V. winding 
ends are brought out through the ducts between the coil- 
end collar and the yoke-insulation washer. 

Since the coil-end collars form a seating for the coils, 
the underside surfaces of the spacers should fit closely 
to the yoke-clamp flanges. In the case of any misalignment 
or displacement of the yoke clamps because of poor work¬ 
manship, the width of the spacers on the collars should 
be adjusted so as to obtain an even seating flush with the 
projecting part of the yoke. 

The coil-end insulation is topped with the yoke insula¬ 
tion which is made of a pressboard washer and tough-press- 
board spacers rivetted to it. The rivets are also made of 
pressboard. They should not run the whole thickness of 
the washers, as this would impair the electrical strength 
of the yoke insulation. 

The yoke-insulation washer is sometimes made with 
cut-outs for the L.V. winding ends. As an alternative, it 
may be made composite, with a removable segment oppo¬ 
site the winding ends. 

The yoke-insulation washer is put on the limb and is 
carefully aligned with the spacers of the coil-end collars 
so that the cut-out in the washer is on the requisite side of 
the core and the spacers are aligned vertically with the 
inter-turn spacers. The offset of the spacers due to inaccuracy 
in manufacture should not exceed two or three millimetres. 
In the case of a greater offset the spacers will fail to give 
sufficient support to the coils. Also, the installation of 
the coils on the core will be handicapped. 
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Fig. 76, A transformer winding before removal of the top end ring 
after unclamping: 

7 —winding; 2 —tie-rod; 3 —bottom pressure or end ring; 4 —beechwood block; 
5 —top pressure or end ring; 6 —lifting hooks; 7 —pressboard ring 
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After the yoke insulation has been installed, the press- 
board shields covering the yoke are mounted. 

The next operation on 2,500-kVA transformers is to mount 
on the limbs wooden filling strips to position the coils on 
the core. The strips should have holes for the nuts of the 
core bolts. The filling strips should run the whole length 
of the limbs, making them nearly circular in cross section 
and enhancing their resistance to radial mechanical stresses. 

The bottom ends of the strips fit into the gap between 
the limbs and the yoke-insulation washers and should fit 
closely to the surface of the limbs. If, because of the wavi¬ 
ness of the limbs, this requirement is not met, the strips 
should be made to fit to the surface of the limbs. Otherwise, 
the limb diameter will increase, and there will be some 
difficulty in putting the coils on the core. The filling strips 
are then banded temporarily with herring-bone tape. 

Checking the Coils for Axial Dimensions. The coils come 
in for assembly clamped down to the axial dimension speci¬ 
fied in the drawing. In the winding division, the coils 
are pressed and clamped up between two steel pressure or 
end rings 3 and 5 which are held together by steel tie-rods 
2 (Fig. 76). Before pressure is applied, beechwood blocks 
4 of equal height are placed between the end rings and 
the coils. This is done so that the locking strips, which 
are equal in height to the coil unpressed and stick out of 
the coil as the pressure is built up, will not run up against 
the end rings, damaging the coil. 

The clamped-up coils are handled with the aid of a spec¬ 
ially designed fixture (Fig. 77) which consists of a steel 
eye 1 attached to steel wire-ropes 2 terminating in grips 3, 
The eye 1 is put on the lifting hook of a crane, and the 
grips are applied to the top end ring 5 so that they are spaced 
120 ° apart. 

The compressed coil has the same axial dimension as it 
should have after it is assembled and compressed on the 
core. Therefore, this dimension should be checked prior to 
the assembly. The dimension is indicated on the press- 
board tag attached to the winding ends. The tag also gives 
the number of the order and of the winding instruction 
card. The tag should bear the signature and seal of the qual¬ 
ity inspector. 
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Testing the Coils for Infer-turn Short and Open Circuits, 
The coils come in for assembly varnish-impregnated and 
baked, therefore, the winding ends should he stripped not 
only of their own insulation but also of the varnish. The 



Fig- 77. Lifting tackle for a winding clamped between Ibe end rings; 
i—eye; 2 —steel wire-rope; 3 —grip; 4 —winding; 5 —end ring 


winding ends are usually skinuLul with a gas torch followed 
by a knife and sand paper. 

Continuous-disk windings wound with multiple parallel 
conductors and also spiral windings with group and general 
transpositions should be tested for open and short circuits 
in the iiidivkiulil conductoi'S before the coils are iinclamped. 
Spiral coils with distrihuted transposition are tested only 
for open circuits in the parallel conductors. 

The short-circuit test should he carried out prior to iiii“ 
clamping, because, when iiriclaniped, the multiple conduc' 
tors may change their relative position and the short circuit, 
if there is any, will be cleared to reappear on reclamping* 
The short-circuit test is accomplished hy means of a rneg- 
ohrameter. The ends of the multiple conductors where they 
leave the coil are separated, the lead 3 (see Fig, 78, a) of the 
megohmmeter is connected to one of the bjwer ends 


38, Assembly of the Coils on Size 3 Transformers for up to 35 kV 151 

through 5' of the multiple conductors, and the other megohm- 
meter lead 2 is brought in contact in turn with the top ends 
1 through 5, 

The megohmmeter should indicate a short circuit only 
once—when both of its leads are connected to the same 
conductor. If the instrument indicates a short circuit more 
than once, there is a short circuit between some of the mul¬ 
tiple conductors. The short circuit should be located at 



Fig. 78. Testing L.V. windings: 

o—for internal short circuits; h —for continuity; 1 —megohmmeter; 2 and 
3 —megohmmeter leads 


she testing station, and cleared before the coil is to be as¬ 
sembled on the core. 

For an open-circuit test, Fig. 78 {h), the skinned top ends 
1 through 5 of the multiple conductors should be bunched 
together at <9, while the lower ends V through 5' are left 
separated. The megohmmeter lead 2 is connected to the 
common termination and the other megohmmeter lead 
3 is brought in contact in turn with each of the lower ends 
V through 5', The megohmmeter should indicate a short 
circuit for all the conductors. If the instrument reads a 
high resistance for one of the conductors, the latter is open- 
circuited. 

Preparation for Coil Assembly. After the open- and short- 
circuit tests, the L.V. winding is undamped. To do this, 
the nuts on the tie-rods 2 (Fig. 76) are backed in turn, then 
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run off completely, and the top end ring 5 is lifted off the 
winding by crane. 

Thenf the beechwood blocks are removed from the press- 
board ring 7, and the top ends of the pressboard locking 
strips are trimmed off. The locking strips should be trim¬ 
med off at the mid-height of the pressboard ring and not 
level with its top surface. This is done because even a well- 



Fig. 79, Two-bar spread frame for coil assembly: 

1 —lifting eye; 2—vertical link; 5—frame; 4 —bar; 5 — book; 6 —ring; 7 —grip; 

‘ 8 —notches 


dried winding will shrink somewhat axially after the dry¬ 
ing of the core-coil assembly. If the locking strips were 
trimmed off level with the top surface of the pressboard 
ring, they would run up against the insulation parts on 
top of the winding after drying, making the clamping of 
the winding iiftpossible. The bottom ends of the locking 
strips are trimmed off to within 5 or 6 mm of the top 
surface of the bottom pressboard ring immediately before 
the winding is assembled on the core. 

Assembly of the Windings on the Core. The windings are 
assembled on the core by the use of a specially designed 
fixture which consists of a spread frame and grips. The size 
and design of the fixture vary with the weight and size of 
windings. For the windings of Size 3 transformers (up to 
600 mm in diameter), a two-bar fixture is usually employed 
(Fig. 79), 
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The spread frame is of simple welded construction, con¬ 
sisting of a brace 3 and spread-bars 4, The thickness of the 
spread-bars varies with the load-lifting capacity of the 
fixture and does not usually exceed 20 mm. Both spread-bars 
have an equal number of notches 8 which receive the hooks 
5 of the grips 7, The grips are spaced an equal number of 
notches from the middle of the frame. By varying this spac¬ 
ing, it is possible to adjust the fixture for windings of differ¬ 
ent diameters. Tim vertical link 2 terniinatas in an eye 
i with which the fixture is suspended from the hook of a 
crane. 

The usual practice is to have several sizes of grips for 
the same fixture in the assembly shop, each size being de¬ 
signed for a definite winding size and a definite load. The 
grips also differ in the size of the supporting arms (30 or 
()0 mm) and in length (1,450 or 1,750 mm). 

Two identical grips should he chosen so that the winding 
can be lowered on the grips as far as the bottom yoke-insula¬ 
tion washer, the width of the arms should not exceed the ra¬ 
dial depth of the winding (the difference between the out¬ 
side and inside diameters of the winding), while support¬ 
ing the pressboard ring over at least three-quarters of its 
width. 

The grips should be applied to the bottom pressboard ring 
of the L.V. winding equally spaced all the way round the 
circumference and in line with the pressboard inter-turn 
spacers. To make room for them, several wooden blocks are 
knocked out from between the winding and the bottom steel 
end ring. The grips should be placed so that they will not 
find themselves between the core limbs; that would make 
their removal quite a problem. 

The grips (Fig. 80) are then secured near the top and 
bottom of the winding with a cotton cord 12 mm in diameter. 
If not properly secured, the grips may move apart on lift¬ 
ing, letting go of the winding. Secured with the cord, the 
winding is then lifted off the steel end ring, and the locking 
strips are trimmed within 5 or 6 mm of the bottom press- 
board ring. 

The winding is then examined thoroughly for damaged 
insulation on the outer surface of the turns, foreign objects 
left in the windings overflows of varnish between the coils, 
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and misaligned locking strips. It is also important to make 
sure that the intercoil connections are properly made and 
the ridl-ups or run-overs are squeezed down to the winding. 

Thus examined, the winding is lifted hy crane over the 
core so that its axis is in line with that of the limh on which 
it is to go (Fig. 80). The winding is slowly lowered and 



Hg. 80. Assembly of an L.V. winding on tbe transformer core; 

I —core; 2 —winding; 3 —cotton cord; 4 —lifting grip; 5 —two-bar spread frame; 

6 —crane 

steered by hand so that the spacers on the coil-end collars 
and the yoke-insulation washers are in line with the inter- 
turn spacers, and the bottom ends of the winding fit be¬ 
tween the coil-end collar and the yoke-insulation washers 
as indicated in the drawing. The alignment of the winding 
should be checked with a plumb bob. 

If the winding happens to swerve from the desired direc¬ 
tion, it should be lifted off again without removing it com¬ 
pletely from the limb and turned so that the inter-turn 
spacer locking strips are in line with the spacers on the 
coil-end collar and the yoke-insulation washer. 
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Usually, the L.V. winding is not lowered all the way 
down. It is stopped within 80 to 100 mm of the yoke-insula¬ 
tion washer and propped up by wooden blocks. This is done 
in order that the grips of the lifting fixture can be removed 
and the bottom ends of the winding can be bent and insu¬ 
lated without obstruction. The multiple conductors of the 
L.V. winding should be straightened, bent on the flat, 
laid parallel to each other, and bent to the drawing. 

The ends of the L.V. winding are insulated as described 
earlier. The top ends of the L.V. winding are insulated 
after the H.V. winding is assembled on the core. 

The bottom ends of the L.V. winding being insulated, the 
temporary blocks are knocked out from beneath it. Some¬ 
times, the weight of the winding may prove insufficient to 
make it go all the way down. If this happens, an additional 
weight must be applied to it. 

After the L.V. winding has been placed on the limb 3 
(Fig. 81), it should be packed out. Use is made of round 
beechwood bars 1 and 2, and of shaped beechwood strips 4, 
A detailed description of the packing-out operation will be 
found in Sec. 37. 

Then the L.V. winding 6 is blown with compressed air 
and the H.V. winding 8 is put on the limb, after it has been 
inspected and prepared as the L.V. winding. The H.V. wind¬ 
ing is lowered onto the limb by the use of the same lifting 
fixture, with its grips applied to the winding in exactly 
the same manner. Again, it must be made sure that the 
coil spacers 16 are in line with the spacers on the coil-end 
collar and the yoke-insulation washer. The voltage-control 
tappings should be arranged as shown in the drawing. 

If the L.V. winding is of either the continuous-disk 
or the spiral type, its spacers forming radial ducts are 
used to brace the insulating cylinder 7 of the H.V, 
winding. 

The L.V. and H.V. windings of each phase should be sepa¬ 
rately driven down with a dead-weight. To do this, blocks 
are set up on the winding from two sides, and a weight of 
3 tons is lowered by crane on the blocks. The dead-weight 
should be lowered so that its centre of gravity is in line 
with the axes of the windings. The procedure is illustrat¬ 
ed in Fig. 82. 




































































Fig. 81. Assembly of a winding on a Size 3 transformer; 

i and S—round hecchwood filling bars; .5—core; beecbwood packing strip; 

j _syjitliet|C“reeiTi 'bonded paper cylinder of L.V, windingi ff—continuouS'disk 

L Y winding; 7 —eyntbelic-rCBln-bonded paper cylinder of H.V. winding; 
S—cnntlmitiuS'dlSk: H.Y. windings P—inter phase hairier; iO—pressboard yoke 
Bhield- ji—presflboard pressure rings of H.Y. winding; J3—yoke insulation; 
jl—presaboard locking strip of H.Y. winding; Ji—presstaoard pressure rings 
of L.Y. winding; 15—pressboard locking strip of L.V. winding; Jjf—pressboard 
turn spacers of H.Y. winding; 17—pressboard washer; i^—steel tie^rod insulated 
with synthotic-resin-bonded paper tube; 19 —yoke clajnp; so—coil-end Insulation 
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For the easier reblading of the top yoke, the windings 
should be clamped down 4 or 5 mm below their axial di¬ 
mensions specified in the drawing, because, when relieved 
of the pressure, the windings will somewhat increase in 
length. 

The insulation between the winding and the top yoke is 
similar to that between the winding and the bottom yoke 


Fig. 82. Applying a weight to windings 

(Fig. 81), except that the insulation components are stacked 
up in reverse order. Next the interphase barriers 9 are 
set up and banded by linen-finished tape to the tie-rods i5. 
After that, the pressboard shields 10 are put on the yoke, 
and the top yoke washer 12 and the coil-end collar 20 are 
installed. 

39. Reblading the Top Yoke 

The reblading of the top yoke is one of the most critical 
operations in the assembly of the core-coil unit. Misplaced 
laminations, excessive gaps between them, overlapping 
joints and damaged insulation will all affect the perform¬ 
ance of the transformer, especially its exciting current. 

The main rule for reblading the top yoke is the proper 
interleaving of the limb and yoke plates. They should be 
stacked up so that every alternate packet of yoke lamina- 
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tions interleaves with two packets of hmh laminations, 
and adjacent packets of yoke laminations come abutting 
with them. 

The yoke laminations interleaving with the limb lamina- 
lions in the outer phases {A and C) are usually referred 
to as conterfy while the yoke plates placed Lctween the limb 
plates of the middle phase (//) are termed jniddlings. 



Fig. 83. Reblading of tbe top yoke: 

middle lamination packet of the middle limb; 2—temporary aligning plate 

In Size 1 and 2 transformers, the yoke is rebladed, start¬ 
ing with the middje limb and slacking up the yoke plates in 
packets. The mimber of plates in a packet is specified in 
the drawing. Usually, there are three laniinatioiis in a 
packet. The packets are placed between the projecting verti¬ 
cal plates of the limb. 

For proper Alignment of tlie yoke Iaininaturns in the 
middle limb, aligning plates 2 {Fig. 83) should be set up 
along the inside faces of the outer limbs. The plates of the 
top yoke with paper insulation should he inserted with 
the unpapered side outwards, starling at the middle of the 
middle limb. 

After the middlings have been rebladed, the temporary 
aligning plates 2 are removed, and the corner plates are 
inserted. The same procedure is followed in stacking up the 
other packets, i.e., the middle (longer) laminations are 
installed first, then the corners. 
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The corners should be installed, starting on the outer 
edge of the limb, so that they are fully abutting with the 
top edges of the respective shorter plates of the outer limb 
and fit, at the same time, snugly to the side edges of the 
plates in the middle limb. It is essential that every corner 
plate should make a butt joint with the respective projecting 
vertical plate of the limb. Failure to observe this rule will 
leave the yoke with gaps, and everything will have to be 
redone. 

In reblading the yoke, the following points should be 
borne in mind. Firstly, the corner plates of the yoke should 
be interleaved in such a way that their ends do not extend 
beyond the limb plates. Secondly, the middle plates should 
be so arranged as to permit a check on their position with 
a steel drift inserted through the holes in the yoke and limb. 

The yoke and limb plates should neither overlap nor form 
gaps. In both cases, there will be an increased opposition 
to the magnetic flux, and the transformer will require a 
heavier exciting current. 

While interleaving, the yoke plates should be made to 
abutt with the limb plates whenever possible. Most often, 
however, this has to be done with a hammer and a vulcan¬ 
ized-fibre pad after the yoke has been completely rebladed. 
At the same time, the plates projecting at the yoke ends are 
hammered in so as to reduce the gaps between the corner 
and successive plates of the yoke. The vulcanized-fibre pad 
should be placed along and not across the plates. Instead of 
vulcanized fibre, use may be made of pieces of copper bars 
12 to 15 mm thick. In all cases the plates must be guarded 
against direct hammer blows. 

The top yokes of Size 3 transformers are usually rebladed 
concurrently from two sides. It is important to begin the 
reblading from where the last plate was removed on un- 
hlading (the place should be marked with a piece of herring¬ 
bone tape). If the reblading is commenced at random, there 
may be too many plates on one side and a few plates missing 
on the other. As a result, some of the plates will be mis¬ 
placed, and the yoke will have to be taken apart and re¬ 
bladed again. 

While interleaving the top yoke, a constant check must 
be kept on the alignment of the holes in the plxites for the 
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yoke studs. If necessary, the misaligned plates should be 
lined up with the aid of a steel drift inserted into the holes. 
This i^ an important operation, since it ensures the proper 


Fig, 84. Reblading of the top yoke in a Size 3 transformer: 
J—top yoke laminations; 2—U-cramps; 3—yoke insulation 


position of the midille plates in the yoke. Even a single 
plate misaligfled with respect to the hole in the yoke will 
not let in the synthetic-resin-honded paper tube which 
should he free to go in. As more plates are put back into the 
yoke and lined up, they should be clamped with U-cramps 
(Fig. 84) arranged in a staggered pattern. 


40. Clamping Up the Core-coil Assembly 

Preparation tor Clamping Up. The clamping up of the 
core-coil assembly is (lie last, very important and most 
labour-consuming operation in the first stage of transform- 


40 . Clamping Up the Core-coil Assembly 


161 


er assembly. Before the top yoke is finally compressed 
and clamped up, it is necessary to run down the yoke plates 
against the limbs where this could not be done during 
the reblading. 

In the case of Size 1 and 2 transformers, the first step is 
to mount the top yoke clamps. The top yoke clamps should 
be insulated from the yoke with pressboard sheets 3 mm 
thick. In Size 3 transformers, an oil duct is obtained be¬ 
tween the yoke and the top yoke clamp by inserting a press- 
hoard sheet to which are rivetted vertical spacers also of 
pressboard. 

Clamping Up of the Core-coil Unit in Size I and 2 Trans- 
forincrs. The top yoke clamp, with the tie-rods passing 
through it, is placed on the wooden or pressboard spacers 
arranged on top of the yoke, and pressure is uniformly ap¬ 
plied to the winding by tightening the nuts on the tie-rods 3 
(Fig. 85). 

The top yoke laminations not lined up during the inter¬ 
leaving operation are driven down with a hammer through 
a vulcanized-libre pad until they run against the limb 
plates. The yoke plates should be driven down uniformly, 
avoiding dents or bends on the individual laminations 
(Fig. 86). The vulcanized-fihre pad 2 should be placed with 
its narrow side on the projecting laminations and struck 
with a sledge-hammer 5 at the ends of each lamination in 
turn, then at the middle and again at the ends until the 
laminations come in contact with the limb plates. The 
gap at the joint should be not more than 1 mm. 

At the same time, the sides of the core are made even by the 
.same procedure. Where plates show up in the holes of the 
lop yoke, they are lined up with a steel tapered drift. After 
l.he holes (at 10 in Fig. 87) have been lined up, synthetic- 
res iu-honded paper tubes 7 are inserted, and into the tubes 
areslippedsteelyokosLuds5carryiog3teel {6) and pressboard 
(,?) washers and nuts 4 on one end. Similar washers are placed 
on the other end of the studs emerging from the holes, and 
nuts are run onto them. 

The earthing connection of the core should be Instalied 
on the L.V. side. This is a tinned copper ribbon 30 mm 
wide and 0.3 mm thick. One end of the ribbon is clamped 
between the yoke plates to a depth of about 40 mm and 
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Fig. 85. Clamping the windings with the tie-rods: 

1 —bottom yoke clamp; 2 —top yoke clamp; S —tie-rod; 4 —box spanner 
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within 10 mm of the edge of the yoke. The other end of the 
ribbon is made to fit snugly to the inside surface of the web 
of the yoke clamp. 

Then the top yoke is finally clamped up, and the No. of 
the transformer is stamped on the left-hand end of the top 
yoke clamp on the L.V. side. 

Clamping Up of the Core-coil Assembly in Size 3 Transform¬ 
ers. The clamping up of the core-coil assembly in Size 3 


Oil duct 












\ b—Size 3; /-—yoke clamp; 2—pressboard sheet; pressbnard 

washer; r-synthetEc-reHii-bonded 
paper tube, synthetic-rcam-boijded paper bushing; steel plate; JO—yoke 


transformers is a more complicated procedure and calls for 
a more detailed discussion. 

Since each top yoke clamp belongs to a particular side 
ot a transformer, it is essential to identify where it be¬ 
longs before installation. The top yoke clamps are mounted 
clamp is lifted by the lifting eyes and is 
placed on the coil-end collar {which may be of wood or press- 
board) so that the tie-rods pass through its holes. Using 
a steel tapered drift inserted into the central hole, the yoke 
clamp is aligned with the top yoke and is then clamped 
to it with a U-cramp so that one tyne of the cramp catches 
11 * 
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at the top flange of the ciamp and the other is inserted be- 
tween Jhe yoke laminations. 

With one of the yoke clamps thus secured, the crane can 
now be used to handle the other in a similar manner. With 
the other clamp still suspended from the crane, temporary 



Fig, 88, Pretigbteuing of the yoke clamps: 

I—temporary yok^ stud^ 0—coikend inauTatfon; .J—yoke Insulation; ^—box 

spanner 


studs 1 (Fig, 88) are inserted into the outer holes of the 
clamps, and the clamps are tightened up. As the pressure on 
the clamps increases, the U-cramps are removed one by one 
from the yoke, and the yoke plates are now held together 
by the top yoke clamps. 

There is a simple method for removing a U-cramp from 
the yoke: another U-cramp is inserted as shown in Fig, 89, 
and its tyue lying flat on the yoke is used as a lever in order 
to pull out the first cramp. 
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Then the tie-rods aje gradually tightened so as to exert 
a uniform pressure on the"windings. As the pressure increases, 
the sides of the core are made even and the protruding 
laminations are driven down, starting at the outer limbs. 

The top yoke laminations should be driven down with a 
sledge-hammer and a vulcanized-fibre pad, taking care not 
to indent or bend some of the laminations. The laminations 
should be driven down until all of them are flush with the 



Fig. 89. Removing U-cramps prior to clamping up the top yoke; 
i and 2 —U-cramps; 3 — top yoke 


corresponding plates in the limbs and all the holes in the 
top yoke laminations are lined up. 

As stated above, the gap at the joints should not exceed 
1 mm. The holes partly closed by top yoke laminations 
should be lined up with a steel tapered drift. At the same 
time, the windings are compressed to the requisite axial 
length. If, however, the windings are not sufficiently com¬ 
pressed and the holes in the top yoke and top yoke clamps 
for the yoke studs fail to align, the yoke clamps have to 
be pulled down. In most cases this is done by applying a 
weight of 12 to 14 tons to the top yoke clamps. 

The axial length given in the drawing is specified for 
a winding so compressed that none of its sections can move 
axially. An increased axial length is an indication that 
the winding is undercompressed. This is dangerous for the 
following reason. The short circuits (partial or complete) 
which may occur in a transformer give rise to appreciable 
voltage surges and, as a consequence, to considerable mechan¬ 
ical stresses. In an undercompressed winding, these volt- 
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age surges may dislodge individual - turns or sections, de¬ 
stroying the insulation and the parts that give the winding 
the requisite mechanical strength. 

Then synthetic-res in-bonded paper tubes are inserted into 
the holes in the top yoke clamps and yoke, and into them 
are slipped the yoke studs fitted with synthetic-resin-bond¬ 
ed bus^hings, steel and insulating washers and nuts on one 
end. Fig. 87 (b). Similar bushings, washers and nuts are 
also fitted on the other end of the studs emerging from the 
holes on the other side of the yoke. The nuts are then tight¬ 
ened with a box spanner to apply a uniform pressure to the 
top yoke. 

The top yoke clamps are earthed with two tinned copper 
ribbons, each 120 mm long, 30 mm wide and 0.3 mm thick, 
fitted on the L.V. side. One ribbon is anchored between the 
top yoke laminations to a depth of 70 to 75 mm and within 
about 10 mm of the end of the yoke. The other ribbon is 
made to fit snugly to the inside surface of the yoke-clamp 
web. After the preliminary test of the core-coil assembly, 
both earthing ribbons are joined together with a soft solder 
(Grade nOC-40). 

The clamping-lip operation may he taken as completed 
when the top yoke clamps on either side of the core are 
tigiitened down and fit snugly to the top yoke and the coil- 
end collar. Then the temporary studs may be removed, 
and the No. of the transformer is stamped on the top yoke 
clamp on the L.V, side. 

Sometimes the insulation may swell because the windings 
have not been properly dried or have been kept in storage 
prior to assembly for a long time. If this occurs, neither 
the windings nor the top yoke may be clamped up. Before 
this may be done, the core and the windings should be dried 
exactly as the core-coil assembly would. After drying, the 
laminations are driven down and the core-coil structure is 
finally clamped up. 

41, Assembly of the Core-coil Units of the Type 
ATMK-10010,5 Moving-coil Voltage Regulator 

The characteristic feature of the ATMK-100/0.5 regulator 
is a short-circuited coil, of transformer type, moving up 
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and down each limb of the laminated iron core. Hence the 
name “moving-coil*' voltage regulator. 

The moving-coil regulator is built in general on the same 
lines as ordinary static transformers. The laminated iron 
core, coils, insulation, structural work, and general assembly 
are in accordance with standard transformer practice. 

Yet, the assembly of the core-coil units (of which there 
are three, one per phase) differs from the procedLire de¬ 
scribed for Size 1 through 3 transformers. 

The magnetic circuit of the regulator consists of three 
two-legged single-phase cores. Each core carries two fixed 
coils A and B, and a short-circuited coil P free to move 
up and down the limb over the fixed coils. The core-coil 
units are set up between the top and bottom plates of the 
operating mechanism. The two plates are clamped together 
by three vertical steel tie-rods. 

The top yoke is iinclamped and unhladed exactly as in the 
case of Size 1 and 2 transformers. The middle laminations 
of the top yoke are banded tightly with cotton tape passed 
through the yoke stud holes. Before the coils are assembled 
on the core, the latter should be cleaned of dust, blown 
with compressed air and identified for the L.V. and H.V. 
sides. The terminal side is that which has holes in both 
the top and bottom yoke clamps. 

The coils are placed on the core to the drawing of Fig. 90. 
The winding ends at the top and bottom yokes are bent 
to the reejuisite shape and insulated before the windings 
are put on the limbs. Then the yoke-insulation washer 3 
is placed on the bottom yoke. The fixed coils are insulat¬ 
ed from the limbs with rectangular pressboard sheets 2 
and 5, with a thickness of 1 mm (or with twice as many 
sheets 0.5 mm thick), which are bent into semi-cylinders 
by hand. The two semi-cylinders half-lapped around the 
respective limb and secured temporarily with cotton cord 
make a pressboard wrap. 

The fixed coil A, (4) is placed over the wrap by hand, with 
the winding ends laid precisely along the axis of the limb. 
Having made sure that the coil has been placed correctly, 
it is packed out with beechwood strips i. Before they can 
be used, the strips should be matched for thickness and 
rubbed with paraffin wax. The strips should be driven in 
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Fig. 90. Assembly of a phase of moving-coil voltage regulator: 

7—beechwood bar; 2 —pressboard sheet, 1 x230x430 mm; 3 —bottom yoke 
insulation; 4 —coil A; 5 —pressboard sheet, 1X230X570 mm; 6 —moving coil P; 
7 —coil P; 8 —top yoke insulation 
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first by hand to a depth of 30 to 40 mm and then with a 
sledge-hammer, placing a vulcanized-fibre pad on the strip 
ends. 

Because of the high quality of the winding-end insulation, 
the other fixed coil B (7) may be placed closely adjacent 
to the coil A, The wraps, the coil B and the packing strips 
are all mounted exactly as for the coil A. 

Then the movable short-circuited coil P (6) is placed 
over the fixed coils A and B by hand, and the insulating 
washer 8 of the top yoke is applied. The movable coil is 
fastened after the three core-coil units of the regulator are 
set up in the operating-mechanism frame. 

The top yoke is rebladed as described in Sec. 39, and the 
yoke clamps (angle irons) are mounted on it. Then the yoke 
studs are inserted, and initial pressure is applied to the 
yoke. The top yoke laminations which have been rebladed 
are driven down with a hammer or a sledge-hammer striking 
over a vulcanized-fibre pad until they run up against the 
limb laminations. At the same time, the sides of the core 
are made even. 

If the coils are to be compressed properly, the assembled 
core-coil units of the regulator should be vacuum-dried (see 
Chapter 6) before they are mounted into the operating-mech¬ 
anism frame and the connections are soldered. After dry¬ 
ing, the yoke laminations are finally driven down, the syn¬ 
thetic-resin-bonded paper tubes and the yoke studs are 
inserted, and the top yoke is given a final clamp-up. 

To prevent the nuts on the yoke studs from working loose 
in service, the nuts on the bolts should be centre-punched. 
Before the core-coil units are mounted into the operating- 
mechanism frame, the insulation of the yoke holts should 
he tested with a megohmmeter. 

Mounting of the Core-coil Uni ts into the Operating-mecha¬ 
nism Frame. The operating mechanism (Fig. 91) moves the 
short-circuited coils P up and down the core limbs. 

The top plate 1 of the operating-mechanism frame (which 
also serves as the cover of the regulator tank) mounts a 
reduction gear unit a 0.27-kW three-phase 220/380-V 
motor, and the associated switchgear. The reduction gear 
unit transmits rotation of the motor to a square-threaded 
vertical shaft 11, 


























































































































Fig. 91. Operating mechanism of a moving-coil voltage regulator: 

J—top plate of operating-mechaTiism frame; 2—tie-rod; lifting eye; starter; 

5 —electric motor; 6 —reduction gear unit; r—shaft; $—interlocking switch; 
9—crank; ra—moving-ooil frame; if—drive shaft; JS—link; J3—bottom plate 
of operating-mechanism frame 


41, Assembly of the Moving-coil Voltage Regulator 


171 


The shaft both supports and operates a non-magnetic 
frame 10 which carries the short-circuited coils. The oper¬ 
ating mechanism can be controlled both remotely and 
locally, by means of a crank 9, 



Fig. 92. Moving-coil frame of a moving-coil voltage regulator: 

}—steel bracket; 2 —steel stud; 3 and 9 —steel nuts; 4 and 14 —steel holts; 5—spring 
washer; 6 —special nut; 7—steel plate; 8 —clip; 20 —low nut; 11 —synthetic- 
resin-bonded tube; 12 —paper-base laminate washer; i3—steel washer 


For installation of the core-coil units, the crank is ro¬ 
tated clockwise to move the frame 10 into the topmost 
position and the parts (5 to 14 in Fig. 92) are removed 
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from each of the clips 5. The ends of the clips should be 
bent so that the distance between them is greater than the 
outsider diameter of the fixed coils. 

Then the assembled core-coil unit of phase B is lifted 
with an overhead travelling crane slightly above the bot¬ 
tom plate 13 of the operating mechanism (Fig. 91), so that 
the core touches the top plate i. The bottom portion of the 
core is inclined a little towards the mechanism and is low¬ 
ered into the operating-mechanism frame. The holes in the 
bottom yoke clamp of the phase B core are lined up with the 
holes in the bottom plate by means of a drift and two bolts 
are inserted in turn. When mounting the core-coil assembly, 
make sure that the outer limbs of the core and the outer 
surface of the moving coil pass well clear of the clip ends. 

Next the crank 9 is rotated counter-clockwise to move 
the frame 10 into the lowermost position, and the clip ends 
are bent to a circle with a diameter approximately equal to 
that of the moving coil P* 

The core-coil unit of each phase is clamped inside the 
operating-mechanism frame by means of the square steel 
washers provided between the top yoke clamps and the 
top plate of the frame. The top yoke clamps are fastened 
to the frame plate by two bolts with a common lock washer 
placed under their heads. When properly aligned, the op¬ 
erating mechanism will be easily rotated by hand. 

The fixation of the moving coil P is a very critical opera¬ 
tion. The moving coll is lifted by hand and placed on 
the fillet of the nut 6 (Fig. 92). Each clip 8 is in turn fitted 
with bolt 14^ synthetic-resin-bonded paper tube 11^ washers 
12 and 13, nuts 9 and 10, and is uniformly tightened to 
lock the movi»g coil in place. It is essential that the clip 
comes precisely over the pressboard band on the moving 
coil. 

The core-coil units of phases A and B are assembled 
and mounted into the operating-mechanism frame in a 
similar way. The phases should be arranged to the drawing. 

The operating mechanism is then lifted about one metre 
on three-grip hoisting tongs, nuts are run onto the bolts 
and centre-punched at three points round the circumfer¬ 
ence, and the core-coil units of all the phases are finally 
clamped in the frame. 
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After installation, the gap between the moving and fixed 
coils is checked for uniformity the whole length of the 
shaft, and the operating mechanism is tested for ease of 
rotation by hand. 

42. Preliminary Tests of the Core-coil Assembly 

The first stage in transformer assembly is followed by 
the tests of the core-coil unit. These tests are part of the 
quality control of the core-coil assembly. They are carried 
out by the testing station. The tests may be divided into 
compuIsory and optionaL 

Compulsory tests are those which cannot be carried out 
after a transformer has been fully assembled. They are 
done in the following cases: 

—the voltage taps of a core-coil assembly can only be 
changed by reconnecting the links on the terminal board 
under the tank cover (by means of a link device); 

—there are parallel-connected sections in the windings 
(the number of turns in each coil cannot be verified in a 
fully assembled transformer); 

—the H.V. and L.V. windings are delta-connected. 

The testing of the insulation level of the top yoke bolts 
and of the top yoke clamps to the core is also compulsory. 

Optional tests are those which can be carried out on a 
fully assembled transformer. Their choice depends on work¬ 
manship, the nature and percentage of rejects. At the Mos¬ 
cow Electrical Works the core-coil assembly is tested in 
all Size 3 transformers. The optional programme includes: 

—the ratio test on each phase separately and at every 
voltage tap; 

—loss and exciting-current tests. 

It should be stressed that not all transformers can be 
tested under voltage not immersed in oil. The testing of 
the core-coil assembly of the Type ATMK-100/0.5 moving- 
coil voltage regulator is described in Section 75. 
















Chapter 

•5 , Assembly of Leads and Making 
of Connections on the Core-coil 
Assembly (Stage Two) 


43» General 

After it has been given a preliminary test, the core-coil 
assembly goes to the second stage where the leads are as¬ 
sembled and the connections are made. 

This involves two groups of operations; first, lead man¬ 
ufacture; second, lead assembly and the making of the 
connections, which also includes their insulation. 

The design and connection of the leads vary with the 
design arrangement and connection of the transformer wind- 
ings. For Size i through 3 transformers the leads are made 
of various conductors: Grade IlE insulated round copper 
wire in a variety of sizes and insulation thickness, bare 
rectangular copper and aluminium bars, and also round cop¬ 
per and aluminium wire. 

ILV. leads are'made of insulated Grade HE wire from 
2.44 to 5.5 mm in diameter. This grade of wire can be easily 
bent to any shape. Where heavy currents are involved, use 
IS made of bare round wire with synthetic-resin-bonded 
paper tubes slfpped over them. L.Y. leads are made of bare 
rectangular bars and also of bare round conductors. 

In order to speed up transformer assembly, leads are man- 
ufactiued either in advance or concurrently with the as¬ 
sembly of the core-coil unit. All lead connections are soldered 
only on the core-coil unit. 

On the core-coil unit the leads are mounted on a frame 
consisting of horizontal and vertical beachwood cleats dif¬ 
fering in length and properly braced together. The cleats 
are fastened with steel bolts to the top and bottom yoke 
clamps and also to each other. 


45, Electric Arc Welding 


175 


44, Soft Soldering of Lead Connections 

The soft soldering of lead connections (Le., with a tin- 
base solder) produces joints which suffer from a number of 
drawbacks: low mechanical strength, low thermal stability, 
high resistance, the necessity of using flux, high cost and 
labour requirements (in comparison with electric brazing or 
electric welding). 

Soft soldering is used on leads made from fine copper 
wire, when the joint is located close to a winding and elec¬ 
tric welding cannot possibly be used, and also on leads 
made from stranded cables. The ends to be joined should be 
scraped bright with a knife or rubbed clean with emery 
paper, overlapped for a distance of 10 to 15 mm (depend¬ 
ing on the cross section of the conductors) and banded to¬ 
gether either with a sleeve of tinned copper ribbon 0.3 mm 
thick or with several bights of copper strip slitted from a 
similar copper ribbon. 

Soldering is done with an electrical soldering iron. Grade 
nOC-40 timbase solder and soldering paste (see Chapter 
3) which degreases the metal and ensures good adhesion 
of the molten solder to the copper. The hot tool is placed 
in close contact with the joint. After the joint has become 
sufficiently hot to melt solder, the soldering iron is with¬ 
drawn, and a stick of solder, is held against and melted 
into the cooling joint until it is fully filled. The winding 
and insulation should be protected from drops and splashes 
of solder with a shield of asbestos sheet or pressboard. 

The stranded cable such as used in drum-type tapping 
switches is also soldered with Grade IIOC-40 solder and 
soldering paste. 

45, Electric Arc Welding 

Windings wound with round magnet wire up to 2.44 mm 
in diameter are connected to leads by electric arc welding 
using carbon electrodes (so-called carbon-arc welding). Cop¬ 
per conductors are easy to arc-weld, require no flux, and 
make reliable joints. 

The source of welding current may be a Type nOBC-2 
single-phase 300-VA air-cooled transformer with the volt- 
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age on the L.V. side variable within broad limits. Ordi- 
iiarv electrodes 6 mm in diameter are used. 

If a reliable welded joint is to be obtained, it is essen¬ 
tial to remove all varnish and insulation from the ends of 
the conductors. Conductors of the same diameter are twisted 
together. If the winding wire and the lead differ in diame¬ 
ter, the smaller conductor is wrapped around the larger con¬ 
ductor to make six or seven turns as shown in big yd (a). 
The end turns of the splice are squeezed down with pliers. 

Lj Lj 

fa) (b) ic) Uf 

Fig. 93. Joining of round conductors by electric welding: 
fl-splice ready for welding; b-splice after welding; c-splice ready for insulation 


One end of the-transformer secondary is connected to a 
copper hook which is in turn connected to the “ear 

thd splice. The other end of the transformer secondary is 
connected to the electrode-holder. The ^^^'^trode is touched 
to the end of the splice and is withdrawn « “J® 

to initiate an arc. The arc striking between the electrode 
and the splice should be kept just long enough to meU the 
metal into a regular bead. Fig. 93 (6). If ^^e^ 
tained for too long a time or too much copper is pelted ^e 
twist may be burned, leaving the ends of the conductors un- 

^ After welding, the sharp projections should be smoothed 
off with a file. The welded splice should be bent along the 

winding conductor, as shown in Fig. . , 

As a protection from the injurious effect of the arc on 
his eyes; the welding operator should wear goggles with 
dark-blue lenses. 


4:6. Electric (Resistance) Brazing 

The most efficient method of joining 
(resistance) brazing. The leads are 

joint and brazed with phosphor-copper spelter. As com 


dia 



Fig. 94. Examples of electric-brazed joints: 

b winding ends joined to round-conductor leac^; c, d and e —winding ends Joined to copper bar leads: / and e _ioinine 

of leads; i—round-conductor lead; 2—winding wire; 3—bar lead s j i lug 
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pared wiLh Soft soldering, the advantages of electric lirazing 
are: stronger joints, better thermal stability, reduced re¬ 
sistance, lower cost and labour requirements, no need for 
banding, solder-retainer or flux. The joints most commonly 
used in electric (resistance) brazing are shown in Fig. 94. 

Electric (resistance) brazing can be done on a stationary 
or a portable machine operating on 220 volts a.c. The sche-» 

niatic circuit diagram of a brazing 
machine is shown in Fig. 95, 

In a portable brazing machine, 
the primary i of the brazing trans¬ 
former which steps down the sup¬ 
ply voltage from 220 to 4.23-12.7 
volts is energized via a knife-switch 

6 and contactor 2. The contactor 
is closed by an operating coil ener¬ 
gized from a Type AOG-0,25, 
220/36-V step-down transformer 5. 
The supply circuit of the contactor 
coil is completed by a foot-pedal 
switch 4. For safely reasons, the 
foot-pedal switch operates from a 
separate 36-V circuit. 

The leads to be joined are clamped 

in tongs 5 and are raised to 
the requisite temperature. Fuses 

7 protect the transformer from 
overloads. 

The brazing transformer may be 
a protected air-cooled portable 
single-phase transformer, such as 
Type OC-3.3/3, OCy-20/6 or OC3- 
20/0.5. The transformer is mounted 
on rollers and is fitted with a handle for ease of manoeuvring 
in the assembly bay. The instantaneous current on the 
L.V, side is up to 1,000 amperes in the Type OC-3.3/3, np to 
3,100 amperes in the Type OCy-20/6, and up to 4,070 am¬ 
peres in the Type OC3-20/0.5. The basic performance data 
for these transformers are summarized in Table 8. The tongs 
are of ibe portable type connected by a cable to the L.V. 
terminals of a soldering transformer. 



Fig. 95. Diagram show- 
ijig connection of an elec¬ 
tric-brazing machine: 

.1 —Single-phase brazing trans¬ 
former; 2—contactor; 5— 
step-down transfqfnier; 4-- 
foot-pedal switch; 5—tonga; 

c—knife-switch; r—fuses 
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Note: The kVA and amperes given in brackets apply to short-time duty. 
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Pig. 96. Electric-brazing Longs: 

a—small size; 6—medium size; large size; i—st^l strip; copper strip; 
5 —asbestos spacer* 4 —electrode-holder; h —preesed-carbon electrode, Grade 
BV; 6—spring; r—cable; E—screw clamp 
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Three sizes of tongs are used to braze leads: small, me¬ 
dium and large (Fig, 96). The size to use depends on the 
size of the conductors to be joined and on the brazing cur¬ 
rent. Small-size tongs are employed to braze round copper 
wire up to 7 mm in diameter. Medium-size tongs are used 
for round conductors from 8 mm in diameter and more 
and also for copper bars 5 mm by 25 mm. Large-size tongs, 
fitted with a screw clamp 5, serve to join copper bars over 
5 mm by 30 mm in size. 


1 2 3 4 ff S 



Fig. 97. Foot-pedal switch: 

i—case; 2 and 4—laminated fabric washers; 5—cable; J—contacts; 6—foot 

pedal 


Whatever their size, tongs are of about the same design. 
For mechanical strength two narrow copper strips 2 are 
rivetted to steel strips 1. Thermal insulation is provided 
by the asbestos pad 3 sandwiched between them. 

To one end of the rivetted strips are attached detach¬ 
able electrode-holders 4. The electrodes may be Grade 9r 
pressed carbon (use may also be made of the stubs of arc- 
furnace electrodes). The other ends of the copper strips 
are soldered to bare copper cables 150, 240, 300 or 400 sq 
mm in section. The other ends of the cables are soldered 
to contact lugs with which they are connected to the L.V. 
terminals of the brazing transformer. 

The cross section of the cables is determined by the size 
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of the tongs or, which is the same, the brazing current. 
On theputside the cables are covered with three or four layers 

of asbestos tape which 


W 


should be renewed at reg 
ular intervals. When the 
brazing transformer is 
energized, a current flows 
between the surfaces of 
the electrodes, and they 
are raised to a red heat, 
or over 1,300°C. 

The transformer is 
switched in and out by 
the foot-pedal switch of 
Fig. 97 which may be 
placed anywhere around 
the tongs, convenient for 
the operator. 

A stationary brazing 
machine consists of a 
press and a step-down 
transformer. The connec¬ 
tions in the stationary 
machine are shown in 
the diagram of Fig. 95. 

The brazing press (Fig. 
98) consists of an upright 1 
in which is secured a steel 
tubular worm-threaded 
rack 2. The rack is 
locked in the upright by 
bolts 5. The top {4) and 
bottom (5) platens are 
free to move up and down the rack. The bottom platen is 
moved by rotating the handle 6, Usually, the bottom plat¬ 
en is fixed in a definite position. The top platen can be 
moved by a handwheel 9 and a screw 7* 

The workpieces to be Jointed are mounted on the carbon 
electrode <5 of the bottom platen. Rotation of the handle 
6 moves the top platen down until the workpieces are tightly 
clamped between the top and bottom electrodes of the tongs. 



Fig. 98. Stationary brazing press: 

upright; 2 —tubular worm-threuded 
rack:; bolts; 4—top platen; 5 —bottom 
platen; handlfe; 7 —screw; S —carbon 
electrodes; If —handwheel; IQ —cables to 
transformer; JJ —electrode-holders 


Table 9 

Basic Performance Data of Type OCy-80/0.5 Brazing Transformer 
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The carbon electrodes are clamped in detachable elec¬ 
trode-holders 11 to which are connected the cables 10 from 
the brating transformer. The cables should be of heavy 
section to avoid heating. Two cables of 400 sq mm section 
are used for the purpose. Each cable separately and then 
both cables together are given a serving of thermal insula¬ 
tion (asbestos tape) which should be renewed at regular 
intervals. 

This brazing press is simple and convenient in opera¬ 
tion. It can be easily disconnected and moved to another 
place. The electrodes can be readily and rapidly replaced. 
The operator need not use his hands to hold the work- 
pieces. The transformer is operated by a portable foot- 
pedal switch. 

A more recent addition to brazing plant are air-oper¬ 
ated brazing machines. In them the top electrode-holder 
is lowered and the workpieces are reliably clamped by the 
force of compressed air. 

The source of brazing current may be a Type OGy-80/0.5 
single-phase transformer. It should be set up so as not 
to take any floor area. Usually the transformer is installed 
on an elevated platform 2 to 2.5 m above floor level 
and next to the press. The basic performance data for this 
transformer are given in Table 9. 

Stationary brazing machines are employed in lead manu¬ 
facture and also for brazing flexible connectors to flat bars 
or round conductors. 

Where connections are made directly on the core-coil 
unit, use is made of portable brazing equipment (portable 
brazing tongs and a portable brazing transformer). When 
making brazed*connections, the tongs have to be held in 
various positions. For convenience, they can be put on a 
rack (Fig. 99). The tongs are held in a cradle 1 which can 
be adjusted for height by means of screws 3 at will. 

47, Crimping 

Leads made of cables are fitted with sleeve-type ter¬ 
minals which are joined by crimping, using a Type PFII-Tm 
portable hydraulic crimping tool (Fig. 100). 

A salient feature of the crimping tool is that it can join 
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a cable end and a terminal in any position. The oil reser¬ 
voir 5 also serves as the handle of the tool. The handle 4 
is used to transfer oil from the oil reservoir into the power 
cylinder 2, The holder 1 receives both a die and the joint 
to be crimped. 



Fig. 99. Rack for brazing tongs; 

1 —cradle; 2 —upright; 3 —clamp screw 

The portable hydraulic crimping tool operates as fol¬ 
lows. A punch is inserted into the opening of the piston, 
and a mating die is inserted into the holder 7. The pair 
is matched from the manufacturer’s tables. The terminal 
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slipped over the cable end is placed into the die, and the 
cock 7 is turned fully clockwise. The tool shing on a strap 
from ftie operator’s neck is held in the left hand {by the 
oil reservoir 5), and the oil pump (the handle 4) is operated 
by the right hand. The pressure in the pump is built up 
until the punch and the die close. Then the cock 7 is given 
two or three turns counter-clockwise to release the pres¬ 
sure, and the crimped joint is removed from the die. 





Fig. 100. Type, Prn-7m portable hydraulic crimping tool: 

i—holder; 2—power cylinder and main piston; 5—plunger pump built into 
power cylinder; 4 —pump handle; 5—oil reservoir; 6 —cap nut; 7 —screw cock 


The tool has a relief valve adjusted for a maximum pres¬ 
sure of 55 atmospheres. 

The working fluid may be thoroughly filtered motor oil, 
machine oil, or transformer oil. With the tool in the upright 
position and with the piston fully withdrawn, the oil level 
in the reservoir should be within 25 mm of the top edge 
of the reservoir. The cap nut 6 should be tightened to make 
the joint oil-tight. 

The Type PFII-Tm tool can be used on cables from 16 
to 240 sq mm in section. It has assorted dies and other ac¬ 
cessories. 
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48, Cold Pressure Welding (Bonding) 

For some time past there has been an ever increasing 
use of round aluminium wire for transformer windings and 
of aluminium bar for leads. However, the complete replace¬ 
ment of copper by aluminium in the manufacture of leads 
is not always possible. Aluminium leads connected to bind¬ 
ing posts by means of clamps or screws become quickly 
oxidized, the contact burns and fails, so that the transform¬ 
er may be damaged beyond repair. 

For reliability, bolted connections should never be used 
to join aluminium to aluminium or copper to aluminium. 
Instead, even on aluminium leads, contact should be only 
made between copper terminations. This purpose is served 
by cold welding (bonding) of copper connectors to the ends 
of aluminium coil wire or terminal leads. 

Cold pressure welding, or bonding, is a process for metal 
joining, in which use is made of deep plastic deformation 
at the joint without heating. The process can join copper 
to copper, aluminium to aliminium, and copper to alumin¬ 
ium. Bonded joints are strong mechanically and have 
low electrical resistance. For a sound bond to be obtained, 
it is all-important to prepare the ends to be joined proper¬ 
ly. The ends of conductors up to 3.05 mm in diameter 
should be squared with cutting pliers (Fig. 101). The pliers 
must be thoroughly degreased with petrol or acetone 
before use. Connectors for joining aluminium wire up to 
10 sq mm in section to copper wire up to 6 sq mm in section 
can be made on the Type CHC-3 bench tool (Fig. 102). 

In coil winding, connectors are bonded to the first and 
last turns by means of the Type KC-6 tongs (Fig. 103). 
The tongs have a movable clamp 2 and a stationary clamp 
3, The movable clamp is free to move on the spindles 1 
built into the body 5. The wires to be joined are secured 
in the clamps so that they stick out of the dies 4 for a 
definite distance. The upset force (the bonding pressure) 
is applied to the wires through the movable clamp by the 
upsetting cam 7 which rotates as the fixed handle 6 and the 
movable handle 8 are squeezed together. 

Heavier wire is squared either in a special fixture or 
with shears (Fig. 104), so as not to flatten the ends. The 
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end of the copper conductor should be annealed and that 
of the aluminium conductor degreased with petrol or ace¬ 
tone, and both should be roughed with a bastard file on the 



Fig. 103. Type KG-6 tongs: 

1 —^ide spindle; 2 —movable clamp; 3 —stationary clamp; 4 —dies; 5 —tongs 
body; 6 —fixed handle; 7 —upsetting cam; 8 —movable handle 


faces before bonding. One side of the file should be used only 
for copper and the other only for aluminium. The file 
should be protected from grease and dirt. It is likewise im¬ 
portant to keep dirt, moisture and grease away from the 
cleaned faces of the conductors to be butt-joined. For the 
same reason, they should never be touched with fingers. 

Copper and aluminium conductors with a cross section 
of up to 220 sq mm are butt-bonded on the Type MGXC-35 
machine (Fig, 105). The copper conductor is secured in 
the fixed clamp, and the aluminium conductor in the mov¬ 
able clamp with the same stick-out (the distance for which 
they project from the clamps). The distance between the 
clamps is adjusted by means of change washers 6. The max- 
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imum distance should not exceed two diameters of the con¬ 
ductor being joined. 

Upsit pressure is applied to the faces of the conductors 
by means of the lever 7 of the hydraulic upsetting mecha¬ 
nism until the clamps touch each other (the pressure gauge 
3 will read the upsetting force). Then the axial pressure 
is relieved, the copper piece undamped, the clamps drawn 



Fig. 104. Hand-operated lever shears 

apart by means of the hydraulic-valve levers 11 and 12^ 
and the alunfinium piece undamped. 

Then the bonded joint is again secured mid-way bet¬ 
ween the damps, the same levers are operated to apply 
pressure, and the joint is finally upset until the damps 
touch each other. After that, the pressure is relieved, the 
clamps drawn apart, and the bonded workpiece removed 
from the machine. The squeezed-out metal is removed on a 
suitable fixture. 

The quality of bonded joints is tested at random by 
a 90-degree bend test, with the specimens clamped in a 
vise. 




Fig. 105. Type MCXG-35 cold-pressure welding machine: 

/—movable platen; 2—stationary platen; ^—pressure gauge; ^—upsetting-mechanism cylinders; J—squaring cutter 

for joint preparation; e—change washers; /—hydraulic-valve levers; S—oil tank; .9—electric motor; 10 —hydraulic pump; 

11 —right-hand-clamp hydraulic-valve lever; 12 —left-hand-olamp hydraulic-valve lever; 13 —clamping-mechanism cylinders 
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49. Argon-shielded Welding 

Trafisformer makers are widely using argon-shielded 
welding for joining aluminium. The process produces joints 
of very high quality and at a very high rate. 

In the Soviet Union, aluminium is argon-shielded arc 
welded on Type 1111111-10 portable units operating at 20- 
25 volts, 150 amperes and using a consumable electrode— 
Grade A1 aluminium wire 1 to 1.5 mm in diameter. The 
welding outfit includes: a torch or welding gun complete 
with power cables, a control cabinet, a Type IlGO-SOO or 
rCP-9000 motor-generator set, a ballast rheostat, an argon 
cylinder complete with a pressure regulator and a hose, 
and a wire-feed device consisting of a wire reel, a motor, 
a flexible metal tube and a director nozzle. The welding' 
outfit is set up and connected as shown in Fig. 106. 



1 —welding torch or gan; 2 —welding cable, 50 mm dia; 3 —switch; 4 —source 
or welding current; 5—control cabinet; 6 —control panel; 7 —ammeter; 8 —wire- 
feed rheostat; 9 —pilot lamp; JO —wire-feed reversal switch; 11 —wire-feed tube: 

* 12 —wire reel 
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Before it is wound on the reel 12, aluminium wire is 
degreased with aviation spirit or acetone. Prior to the 
welding operation, the toggle switch on the control panel 
6 of the control cabinet 5 is flipped into the “Reverse” 
position and the packet switch 3 is closed. The pilot lamp 
9 goes on to indicate that the supply circuit to the control 
cabinet has been completed. The welding speed is set on the 
control panel: the rheostat is set to 35-40 for round con¬ 
ductors of small cross section and to 25-30 for aluminium bar. 

Now the aluminium wire sticking out of the director 
nozzle is touched to the workpiece. Pressure on the switch 
on the handle of the torch 1 energizes the solenoid valve 
which opens for the emission of argon into the nozzle. An¬ 
other pressure on the switch energizes the contactor which 
completes the welding circuit and the relay which starts 
the wire-feed motor. As the wire withdraws, an arc strikes 
between the workpiece and the wire, and a current begins to 
flow in tjie welding circuit. The relay now operates to re¬ 
verse the motor, and the wire is fed into the joint. The pro¬ 
gress of welding is watched through a face shield having 
a window fitted with a suitable filter or welding lens. 

The stick-out of the wire from the director nozzle is main¬ 
tained between 12 and 20 mm. The torch is held so that 
it is at 70° to 80° to the weld (Fig. 107) and travels in a 
leftward direction. At the end of the weld, the crater 
should be brought out onto the parent metal and filled up 
completely. To stop the welding operation, the switch on 
the torch is released and the welding circuit is interrupted. 

The quality of welded joints is to a great extent depend¬ 
ent on edge preparation and joint fit-up. The leads to be 
welded should be degreased with aviation spirit or acetone 
and lap-assembled on a suitable jig or fixture (depend¬ 
ing on their shape). Aluminium leads of small cross section 
are assembled on the fixture of Fig. 108, while aluminium 
wire is welded to aluminium bar in the fixture of Fig. 109. 

Instead of a fixture, small-section aluminium leads may 
be welded on a steel backing plate to keep the molten bath 
from running out and the workpieces from sagging. During 
the welding operation, the coils and insulation of the core¬ 
coil unit should be protected from splashes of molten metal 
with a shield. 
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Welding dirBction 



Fig. 107. Diagram showing the argon-shielded arc welding process: 

l —electrode wire; Z —torch or gun; 3—electric conductor; 4—argon Jet; 5—wind¬ 
ing wire end; 6—aluminium bar 




Fig. 108. Fixture for welding aluminium leads of small cross section: 
1—pressure screw; 2—handle; 3—body; 4—screw; 5—change Jaw; 6—slide; 

7—pin 
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Assejnbly of Leads on the Core-coil Assembly 


50, Manufacture of L.V. Leads 

For«il] the multitude of lead designs, each may be divided 
into the lead proper (that part which is connected to a 
winding end) and the lead contact (that part which is con¬ 
nected to a terminal bushing). 

Leads proper are made of round copper wire or copper 
bar, while lead contacts are made either as flexible con¬ 
nectors from copper ribbon or as lugs from copper angles 
or plates. 

Leads and lead contacts are manufactured separately 
and are then joined by soldering, brazing or welding, de¬ 
pending on lead design. 

Manufacture of Leads from Copper Bar. Copper bar can 
be made in a variety of lead types. Fig. 110 shows some 
of them. Whatever the shape and section of leads made 
from bare copper bars, the operations involved in their 
manufacture are the same, although they differ in the la¬ 
bour required to perform them. 

The dimensions of lead blanks are specified in lead draw¬ 
ings. The drawings give the developed length of a lead, 
thereby saving trouble of determining it. Also, the draw- 
ings give the length of each leg of a lead, i.e,, from bend 

to bend. ^ j ■ 

Copper bar is cut into lead blanks on a bar cutter driven 
by a 1-kW, 1,440’rpin electric motor (Fig. HI)- The cop¬ 
per bar 7 is pressed to the top platen of the niHcliine by 
two clamps 4 tinder which a slab 6 is placed. The cutting 
tool 2 is fed horizontally into the bar by rotation ot a band- 
wheel, and cuts off a blank. The tolerance on blank length 
is ^3 mm. On the cut-off blank the number it is assigned 
in the drawing is stamped on its flat side. 

It is essential to check the blanks for camber and hew¬ 
ing, If necessary, the defective blank should be straight¬ 
ened. In the case of bowing, the blank should be laid on 
a bench or a cast-iron plate with the convex side up, hel^ 
in place by the left hand and struck slightly with a wooden 
or copper mallet hold in the right hand. The result should 
be checked by looking along the blank. 

Ill the case of marked camber, the blank should be heat¬ 
ed where the camber is most pronounced. The blank should 





Fig. 111. Copper-bar cutter: 

1 —bar; 2 — Butting tool; 3 —guard screen; 4 —clamps; 5 —top platen; 6 —slab 
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Assembly of Leads on the Core-coil Assembly 


be heated in the tongs of a brazing machine. The straight¬ 
ened blanks are then marked out for bending and notch-mil¬ 
ling. The dimensions and some of the types of notches are 
shown in Fig. 112, 

Notches are milled in leads when several groups of coil 
wires have to be connected to the same lead. Also, when 
two bars of different size are to he joined, a notch should 





Fig. 112. Notches in bar leads 


be milled in one of them. Notches are necessary in order 
to separate joints (so as to reduce heat transfer and pro¬ 
tect the previous joint from heating), and also to give ac¬ 
cess to the coiinections to be made. 

Notches are milled on a bar-cutter. The marked-out end 
of a blank is brought to the milling tool so that the notch 
can be made along the marking line. For convenience in 
bending, blanks are always marked out on the inner side, 
i.e., where the bar makes an angle less than 180° after bend¬ 
ing. 

Marked-out blanks are bent on flat on a bending ma¬ 
chine equipped with an air-operated clamp and a mechanical 
drive (Fig. 113). On this machine, both bending and clamp¬ 
ing are mechanized, and the operator can bend bars measur¬ 
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ing up to 12.5 mm by 100 mm to a high degree of accuracy 
and at a high rate without much physical effort. 

The machine is driven by a 1-kW, 1,440-rpm electric 
motor 1 via a flexible coupling 5. The requisite angle of 



Fig. 113. Diagram of a bending machine: 

r—-electric motor; 2 —shoe brake; 5 —flexible coupling; 4, 5, 7 and 8 —gears; 
6 —worm pair; 9 —clamp; 10 —spindle; 11 —limit stop; 12 —two-arm lever; is — 
link; 14—-bell crank; 15 —movable Jaw; 16 —hxed Jaw; 17 — bar to be bent 


bending is maintained by a shoe-brake 2 actuated by an 
electromagnet. A gear train consisting of a pair of spur 
gears 4 and 5, a worm pair 6 and gear 7 actuates the big 
gear 5 mounted on a steel bushing. The top end of the bush¬ 
ing is the body of the clamp. Inside the gear 8 is located 
the air-operated membrane-type clamp 9. 

The clamp 9 transmits clamping force to a spindle 10 
and a two-arm lever 12 which acts through a link 13 to ac¬ 
tuate the bell crank 14 and the movable jaw 15. When the 















































































































Fig. 114. Work head of the bending machine: 

/—dial; 2 —fixed jaw; 3—movable Jaw; 4—bar to be bent; 5—adjustable limit 

stop 



Fig. 115. Hand-operated bender: 

I —bar to be bent; 2 —rotary segment; 3 —baseplate; 4 —thrust block; 5 —front 
jaw; 6 —rear Jaw; 7 —lever; S —screw 
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pressure in the air mains is 3 atm, the movable jaw clamps 
the bar 17 against the fixed jaw 16 with a force of 2,500 
kg. The angle of bending can be set on the dial mounted on 
top of the bench or by means of the limit stops 11 which 
operate the limit switches. 



Fig. 116. Tool for twisting copper bars: 


r—flange; 2 —swinging tommy-bar; 3 —change dies; 4 —steel bolt; 5 —movable 
clamp; tool body; ?—nut; S—steel cover-strap; 9—copper bar to be twisted 


Fig. 114 gives a top view of the bending head with a 
bent bar. The machine has an overload feature. In the 
case of an overload, the hardened bushing in the gear hub 
shears off the overload pin. 

Bars can also be bent with a hand-operated bender (Fig. 
115). The bar / to be bent is placed precisely along the 
marking line in the gap between the front jaw 6 and the 
rear jaw 6. The gap width, which varies with bar thick¬ 
ness, is set by means of a screw 8 which positions the rear 
jaw as required. The position of the thrust block 4 also 
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changes accordingly. Then the segment 2 is turned by the 
lever 'i, and the bar is bent to the requisite angle. 

Some of the L.V. leads on a transformer have to be given 
a quarter-turn twist (see Fig, 110). Twisted leads from 
standard copper bar measuring 4.4X25 mm, 4.4X^^0 mm, 
5x40 mm or 5X00 mm can be made with the tool of Fig. 116, 
The tool consists of a body 6, a swinging tommy-bar 2, 
a movable clamp 5, and change dios 5. The requisite length 
of the twist is set by moving the clamp in the groove in 
the body and securing it by three holts 4, For each size 
of copper bar there is a definite size of die and tommy-bar. 
The die is inserted into the two grooves in the clamp. The 
tommy-bar is held in the body by a flange 1. The slot in 
the end of the tommy-bar has its sides chamfered to an 
angle of 20° so that the twisted bar can be easily re¬ 
moved. 

To make a twist, the cover-strap 5 is thrown open, one 
end of the bar is inserted into the slot of the tommy-bar 
held horizontally, and the other end is laid on the cover- 
strap which is now turned over the bar and is locked by 
a nut 7. Then the tommy-bar is pulled as far as it will go, 
and the bar is given a quarter-turn twist. 

51. Manufacture of Leads from Round Wire 

Leads made from round wire 10 to 12 mm in diameter 
are employed in Size 1 transformers and moving-coil volt¬ 
age regulators. In some of them, the leads are fairly com¬ 
plex in shape. This is especially true of the Type ATMK- 
100/0.5 moving-coil voltage regulator (Fig. 117), 

The first step in making an odd-shaped lead is to mark 
out bends and fiats. Then the blank is cut off on lever shears 
or a universal shear-punch-bar cutter (Fig. 118). The cutoff 
blank is straightened on a bench block or a cast-iron plate. 

For convenience in electric brazing and also to obtain 
a large area at the brazed joint, the round wire is usually 
flattened at the ends, i.e,, where it is to be joined to the 
winding ends, flexible connectors or angle lugs. To do 
this, the copper wire is heated in a brazing press and is 
flattened at the ends with a hammer on a bench block to 
about half the wire diameter. 
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52. Manufacture of Flexible Connectors 

For bending, a round-wire blank is clamped in a vise, 
a steel tube is slipped over it, and the blank is bent to a 
template. Large-diameter wire, prior to bending, has to 



Fig. 117. Leads made from round copper conductors 

be heated in a stationary brazing machine, then clamped 
in a bench vise and bent with hammer blows. The bends are 
checked for angle or radius against a template. As a rule, 
the operation has to be repeated several times before the 
requisite bend is obtained. 

In all cases, flats and bends should be made to the dimen¬ 
sions specified in the drawing. 

52. Manufacture of Flexible Connectors 

Flexible connectors are made of copper ribbon 0.3 mm 
thick and 30 to 80 mm wide. The number of plies in, and 
the width of, a flexible connector depend on the cross sec- 
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Fig. 118. Model HA-633 universal shear-punch-bar cutter: 
ledframe; 2 —punch; 5—shape-cutting blades; 4—strip and sbeet-cutting blades; 5 —electric motor 
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tion of the round wire or bar to which it is to be joined, 
i.e., on the current flowing in the lead. 

Flexible connectors are made by winding copper ribbon 
on a copper mandrel 2.83 to 4.4 mm thick. The length of the 
mandrel should be equal to the length of the flexible con¬ 
nector less its thickness. 

Fig, 119 shows a flexible connector wound on a mandrel. 
The copper ribbon should be wound as tightly as possible, 


I 



Fig. 119. Flexible connector made from copper ribbon wound on a 

mandrel: 

i—start of ribbon; 2—mandrel; 5—finish of ribbon 


and there must be a whole number of plies.. The length of 
the ribbon from a bend to the line of cut should not be 
greater than the length of the joint between the flexible 
connector and the lead. 

After it has been removed from the mandrel, the flexi¬ 
ble connector is swaged over the entire contact surface with 
a hammer through a copper block. Then the contact surface 
is sweated and tinned. On different connectors, this oper¬ 
ation is done differently. 

Flexible connectors for connecting a winding lead to 
a terminal bushing are relatively thin, and they are tinned 
and sweated simultaneously by dipping into a pot of mol¬ 
ten tin-base solder (Grade nOG-30). Before dipping, a con¬ 
nector should be immersed into a solution of hydrochlo¬ 
ric acid and zinc chloride to half its width for one minute 
or two. 

To avoid violent fuming, the connector should be dip¬ 
ped slowly. The operator should wear goggles and gaunt¬ 
lets as a protection against splashes of molten solder. 

The contact surface of the flexible connector removed 
from the molten-solder bath is wiped with a broad brush, 
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and the connector is quickly compressed in an air- or hand- 
operated press while hot. Then the connector is rinsed 
first wifh hot then with cold running water and blown with 
compressed air. 

The excess solder squeezed out on the sides of the con¬ 
nector is removed with a file.’ The hole for the terminal 
is first marked out on a hole-marker (Fig. 120) and is then 
punched on a universal .shear-punch-bar cutter. Then the 
connector is straightened on a steel block with hammer 
blows through a copper plate and bent to a half-circle over 
a template or a mandrel. 

Flexible connectors for special-purpose transformers are 
sweated with phosphor-copper spelter solder. The con¬ 
tact surface is clamped between the carbon electrodes of 
a stationary brazing machine. For uniform heating, the 
electrodes must be snugly clamped to the sides of the con¬ 
nector. 

When current is switched on, the carbon electrodes be¬ 
come incandescent and heat the clamped connector to a 
bright-red or light-yellow heat (the melting point of the 
solder). While maintaining this temperature by switching 
the current on and off, the sides of the connector are brushed 
with a stick of phosphor-copper solder several times. 
On coming in contact with the hot sides of the connector, 
the solder melts and fills the space between the plies of 
the copper ribbon. As soon as the solder has filled all spaces 
(and excess solder’begins to appear on the sides), the cur¬ 
rent should be switched off, the copper allowed to cool 
to a dark-red heat, and the connector removed from the 
clamp. 

The cooled tonnector is filed to remove scale and sur¬ 
plus solder. The holes are marked and punched, and the 
contact surface is straightened as in the case of flexible 
connectors sweated with tin-base solder. 

After the hole has been punched, the flexible connect¬ 
or sweated with spelter solder is tinned by a galvanic proc¬ 
ess. 

For some of the leads in special-purpose transformers 
the lead contact lugs are made from copper angles or plates 
in a variety of shapes (Fig. 121). Blanks for angle and plate 
lugs are cut from copper bar on a bar-cutter. The blanks 
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are marked out, trimmed and punched on a universal 
shear-punch-bar cutter. Angles are usually bent after the 
holes iti them have been punched. 



1 

- 

'■— 



/ 




- 


, 


J 




Fig. 121. Lead contacts made from copper bars 


Then the blank is clamped in a bench vise, and the sharp 
corners and edges are rounded with a file all the way round 
the perimeter. The contact surfaces are tinned after con¬ 
nection to a lead made of copper bar or round wire. 


53. Joining of Leads to Flexible Connectors 

Leads and flexible connectors are joined by brazing with 
phosphor-copper spelter solder on an electric brazing ma¬ 
chine. For uniform heating, the carbon electrodes of the 
tongs should have parallel contact surfaces. If necessary, 
these surfaces should be dressed and cleaned with a fi e. 

The pieces to bo brazed are clamped tightly between 
the electrodes, with the broader part (the lead or the 
hie connector, whichever may he the case) below (Fig. IZZ). 
As a protection against injury, the parts to be brazed are 
packed around with wet asbestos. 
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Then the transformer of the brazing machine is ener¬ 
gized by pressure on the foot-pedal switch. The electrodes 
and the parts are gradually heated to a red heat. Phosphor- 
copper solder usually begins to melt at this tempera¬ 
ture. If a bright spot appears where the electrodes touch the 
parts, the transformer should be switched off, and more 
pressure applied to the joint, lest the copper should burn. 



Fig. 122. Brazing a flexibla connector to a bar lead. 

1 carbon electrodes ot brazing press; 2—bar lead; 3 —Ilexible connector 

The transformer should not be kept energized for a loug 
time, because the surface of the conductors may molt before 
the joint is heated throughout. To avoid this, the transform¬ 
er should be switched on and off intermittently by depress¬ 
ing and releasing the foot-pedal switch. However, the beat¬ 
ing of the joint should not be carried on too long, for the joints 
already brazed may be destroyed. The parts should be heat¬ 
ed uniformly across the entire thickness of the joint and 
brought to a bright-red or light-yellow heat (hut not trie 
white heat) simultaneously. 

Then the joint is brushed from all sides with a stick oi 
phosphor-copper solder so that it flows in between the 
parts being joined and fills all the voids between the con¬ 
ductors. As soon as the solder fills all of the joint (which 
will be indicated by surplus solder appearing on the sides), 
current shbuld be turned off, the joint allowed to cool to a 
dark-red heat, the top electrode lifted, and the joint removed 
from the clamp. For rapid cooling, it is customary_ to dip 
the joint into water for 20 to 30 seconds. Then the joint is 
worked with a file and rubbed with emery cloth to remove 
scale and excess solder. 
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54. Assembly of H.V. Leads on Size i, 6-kV Transformers 

In Size 1 transformers in which the core-coil unit is 
not attached to the tank cover, the H.V. windings are usu¬ 
ally star-connected. Voltage taps are changed by a nine- 
terminal tapping switch giving a voltage variation of ib5 
per cent and mounted on the core-coil assembly* The switch 
is of the neutral-point type, because it forms the neutral 
point of the star connection by shorting the following termi¬ 
nal studs: 

— for the + 5 per cent tap (all of the turns 
are brought in circuit); 

— X^—Y^—Z^ for the “normal” tap (the middle number 
of turns are in circuit); 

— Xg —Yg —Zg foc thc “5 pcc cent tap (the least number 
of turns are in circuit). 

Lead Manufacture. The first step in the assembly of leads 
is to make them from Grade HE cable-paper-covered round 
wire. The length and diameter of the wire are ordinarily 
given in the lead drawing. The cable-paper insulation is 
wrapped with twisted brown thread some 8 to 10 mm back 
of the end to be skinned. The thread is applied as follows: 
it is doubled on itself so as to make a loop, the loop is laid 
along the wire, five or six turns of thread are wrapped around 
the loop and wire, the finish of the thread is passed into the 
loop, and the loop is tightened by pulling at the start, as 
shown in Fig. 123. 

Then the leads are skinned on a stripper (Fig. 124). The 
tapping leads ^are skinned for a distance of 150 mm, and the 


Start Finish 



Fig. 123. Securing the insulation on a copper wire 
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Fig. 124. Paper-insulation stripper: 

a—general view; b —diagram; 1 —lead; 2 —jaws; 3 —eccentric; 4 —rack; 5 —pin¬ 
ion; 6 —foot-pedal; 7—link; 8 —bottom blade; 9 —top blade; 10 —handle 


line leads for a distance of 180 mm from the end. The stripper 
operates as follows. The wire 1 is clamped between the jaws 
2 by means of an eccentric 3. The end to be skinned is placed 
between blades 8 and 9. The top blade 9 is moved by a 
foot pedal 6 and a link 7 towards the bottom blade. The 
blades cut through the insulation, and the wire clamped in 
the jaws 2 is pulled to the right by a pinion 5 and a rack 4. 
The insulation to the left of the blades is pulled off the wire 
(Fig. 125). The blades should be matched to the diameter of 
the wire to be skinned, so that the conductor will not be 
nicked. 
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Fig. 125. Skinned wire 
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The ends of the leads to be connected to bushing terminals 

tinned by ! gaTvanic 
P SS and bent into loops in a special tool. The^looping 



Pig. 126. Looping tool: 

r-.roove. baseplate: ._,evei; .-..aCet; .-atrip; .-n.u stop; 


baseplate 1 with a longitu 

ihicro“54,^vrwi“ib'“„r 

-^poaa t<! 

astheiSiU, 5 t)f the baseplate as far 

down as far as wTm Vrfthe mandrel is pushed 
looT ThlZh f ^the wire is bent into a half- 
127 )' ^ pulled to complete the loop (Fig. 


mmm 




Fig, 127. Wire with its end looped 


fc^mrilsrTI,!.' ‘1*“ s'™" “ ‘rpansion 

SizlTSol^aSw™:; Flf 12'?'^^'"”’'? " 

their assembly is this. The Up7n/Zul^‘TStZjZ 



Fig. 128. Use of expaasion bends on leads 
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on steel brackets 1 bolted to the top yoke clamps. The leads 
are then connected to the terminal studs of the tapping switch. 
Next b^echwood cleats 3 are fastened to the top yoke clamps 
and the leads from the tapping switch and also the line leads 
A, B and C, all hent to drawing, are braced between the cleats. 

Each lead or a group of leads is additionally insulated 
with several strips of cable paper of a width equal to the 
height of the beechwood. cleats plus 10 mm. The insulation 
should extend the same distance on either side of the cleats 
clamping the leads. 

Now the ends and voltage tappings of the H.V. winding 
are skinned, and to each of them a line or tapping lead is 
run, and surplus length is cut off. The connections are made 
according to the connection diagram, and the joints are 
welded with a carbon electrode. The welded joints are then 
scraped bright and insulated. 

55, Assembly of H.V. Leads on Size 2, 6-10-kV Transformers 

The H.V. windings in Size 2, 6-10-kV transformers are 
also star-connected. Since, however, the core-coil unit 
is attached to the tank cover, the tapping switch giving a 
voltage variation of ±5 per cent is mounted on the tank 
cover. The tapping switch is of the nine-terminal neutral- 
point variety. 

The leads are made from Grade HE wire 2.44 mm in diam¬ 
eter as described' in the preceding section. Where connec¬ 
tions are to be made to wire 3.05 mm and over in diameter 
or to the terminal studs of the tapping switch, flexible 
connectors are soldered to the leads. 

The arrangement of the leads is shown in Fig. 130. The fol¬ 
lowing procedure may be recommended for their assem¬ 
bly. First beechwood cleats 2 and 3 are fastened to the yoke 
clamps. Then the leads are clamped in the cleats to the di¬ 
mensions specified. The ends of the line leads A, B and C are 
clamped in cleats 4 and 5. 

Lead assembly drawings should specify the distance 
iT, i.e., the distance from the contact of a lead to the near¬ 
est fixed structural part. The distance K is usually measured 
from the flange of the top yoke clamp. Each lead or a group 
of leads is additionally insulated with several strips of cable 



Fig. 130. Arrangement of H.V. leads on a Size 2 transformer: 

2 —Grade TIB wire; 2, 5, 4 and 5 —beechwood cleats; 6 and 7 —steel bolts; 

8 —tapping switch 
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paper of a width equal to the height of the beechwood cleats 
plus 10 mm. 

During assembly the leads have to be given two or three 
bends. This should be done with care. The bends should 
be made to a radius equal to from six to ten diameters of 
the insulated wire, so as not to damage the insulation. 

Then the tappings and winding ends are thoroughly strip¬ 
ped of insulation and varnish, and to each of them the respec¬ 
tive leads are run, and surplus length is cut off with cutting 
pliers. 

The connections are made by either arc welding or electric 
brazing, depending on the size of wire. Joints on wire 2.44 
mm in diameter are welded, and those on heavier wire are 
brazed. The welded or brazed joints are brushed and filed 
to remove sharp projections, surplus solder and scale. This 
should be done while the joint is hot. The joints are then insu¬ 
lated, while the tappings of each phase are also banded 
with cotton tape. 

The leads should be insulated from the beechwood cleats 
with cable paper of a width equal to the height of the cleats 
plus 10 mm. The insulation should extend an equal distance 
on either side of the cleats. 


56, Assembly of H,V, Leads on Size 5, 35-kV Transformers 

In Size 3, 35-kV transformers in which the core-coil 
unit is attached to the tank cover, the H.V. windings are 
usually connected in a star. Voltage variation within ±5 
per cent is obtained by means of a 12-terminal, 3-position 
tapping switch. The switch is mounted on the cover. 

The ±5 percent tap is obtained by making common the 
terminals and the “normal” tap by 

ipaking common the terminals A^A^,^ B^B^ and and 

the —5 per cent tap by making common the terminals A^A^, 
B^B^ and €4,6^. 

Manufacture of the Leads. The leads are made from Grade 
HE insulated wire from 4.1 to 5.5 mm in diameter, depend¬ 
ing on current. Their length is usually given in the table 
of dimensions in the lead assembly drawing. To keep the 
paper insulation intact, a wrapping of twisted brown thread 
is applied over it after the wire has been skinned, as described 
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in Sec. d 4. The leads to be taken to the tapping switch are 
skinned for a distance of 130 mm, and the line leads A, B 
and C for a distance of 150 mm from the end. The insulation 
is removed on the stripper shown in Fig. 124. 

Then the leads are fitted with flexible connectors for connec¬ 
tion to the terminal studs of the tapping switch and the 
terminal bushings. The flexible connectors are joined by 
electric brazing on a portable brazing unit. The contact 
(tinned) surface of the connector and the paper insulation 
on the lead next to the joint are packed around with wet 
asbestos to protect them from injury. 

The leads are additionally insulated with synthetic-resin- 
bonded paper tubes with a wall thickness of 2 mm or 4 mm. 
The tubes are cut on a circular saw into the lengths specihed 
in the lead assembly drawing* 

For convenience in joining up paper tubes {where several 
used oil the same lead) and also to make the insulation at 
the joint reliable, tubes with a wall thickness of over 2 mm 
are chamfered by turning on a fixture clamped in the chuck 
of a re-modelled drilling machine or a turret lathe. 

Assembly of the Leads. The arrangement of the II*V. 
leads Is shown in Fig, 131. Instead of a common neutral 
wire, there are two short links {XY and YZ) between two 
adjacent phases. These links are to be installed first. 

To do this, the last turns of the windings of phases A and 
C, skinned of varnish and insulation, are taken to the ends 
of the split phase B. The joints are made so that they are set 
off at least 40 mm from the axes of the tie-rods of the core. 
Surplus length is trimmed off, the ends are joined together, 
and the joints are elcctric-brazed with portable tongs. The 
brazed joints are cleaned and insulated with cringed paper 
or varnished cloth. Next vertical and horizontal beechwood 
cleats {6 through 10 and 16 through 2 Jl in Fig. 131) are fas¬ 
tened to the top yoke clamp and to each other by steel 
bolts IS and nuts 12, except for the cleats 20 and 21 which 
use beechwood dowels 14 and 15. 

On the frame thus formed synthetic-resin-bonded paper 
tubes 5 are mounted to the drawing. Where a single tube 
will not be long enough to insulate a lead, two tubes placed 
one above the other are used. The joint between the two tubes 
should be at least 25 mm away from a beechwood cleat and 
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not less than 50 mm from similar joints between other pairs 
of tubes* 

The fidditional synthetic-resin-bonded paper tubes are 
slipped over the leads, the leads arc bent to shape as spec¬ 
ified in the drawing and are carried through the tubes 5 
clamped in the cleats 6 , 7, 10 and 21 , 


ABC 



tappinc; ewttch: S—line-lead riexible connector; .jt—Gmde HE wire; 4—vol- 
taee-control tap flexible connector; ^—ByiUTjetic-rc!S[n-bonded paper tubes; 
6 7 s i/ Jto and. ic, I7, iS, bcechwood cleats; Ji—steel washer; 

’ jf—steel nut- J3—steel bolt; 14 and beecbwood dowels 


The leads should be installed so that ample length is 
left to carry them to the terminal bushings and the terminal 
studs of the tapping switch. Therefore, lead assembly draw¬ 
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ings always give the distance K, i.e., the distance from the 
contact of a lead to the nearest fixed structural part. This 
distance is usually measured from the top beechwood cleat 
or the top yoke clamp. 

Now the winding ends aroi tapping.s are skiimod, cleaned, 
trimmed with hand-operated cable siiears (Kig. 132), heiii 
to l.ho requisite shape, and to eacJi of lliein tb (3 respective 
loads are joined with porlahie eleclric braziog longs. While 
the joints are hot, any sharp project ions are smoothed down 
with a file. During the brazing operation the winding and 
insulation of the core-coil assembly should be covered with 
sheets of pressboard as a protection against splashes of mol¬ 
ten solder. 

The joints on the 35-kV leads should be insulated with 
particular care. 

57, Assembly of L,V, Leads on Size 1 Transformers 

The L.V. windings of Size 1 transformers in which the 
core-coil assembly is not attached to the tank cover are 
usually connected in a star with the neutral point brought 
out. 

In transformers in sizes not over 100 kilovolt-amperes 
the winding ends serve at the same time as leads. For ter¬ 
mination, the winding ends are bent at right angles where 
they emerge from beneath the top yoke clamp, using an el¬ 
liptical tube, and brought out with pliers on either side 
of the yoke studs so that they will not interfere with the 
clamping of the top yoke and there will be ample clearance 
to these studs and to the top end of the H.V. winding. 

The leads are clamped in the beechwood cleats attached 
to the top yoke clamp. Each lead is insulated from the 
cleats with cable paper of a width equal to the height of 
the cleats plus 10 mm. Then the leads are straightened, 
bent with an elliptical steel pipe and pliers and connected 
as required. 

The line leads a, b, c and 0 are connected to the bushing 
terminals by means of flexible connectors soldered to the 
leads. 

The leads should be installed so that ample length is 
left to carry them to the bushing terminals. Therefore, as 


























































































































































-bottom blade; 2 —top blade; 3 —steel strip; 4, 7 and 13 —steel nuts; 5 and 8 —steel pins; 6 —fork; 9 —shoe; 10 —limit 

dowel; ii —stud; 12 —tube 
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stated earlier, lead assembly drawings specify the distance 
from the contact of each lead to the nearest fixed structural 
part, usually to the flange of the top yoke clamp. 


55. Assembly of L.F. Leads on Size 2 Transformers 

The L.V. windings of Size 2 transformers in which the 
core-coil unit is attached to the tank cover are connected in 
a star with the neutral point brought out. The assembly 
of the leads in their case is handicapped by the fact that 
the L.V. windings are usually wound with a large number 









Fig. 133. Bunching box 


of parallel conductors. After the assembly of the core-coil 
unit the conductors in the winding ends are left bent and 
spread in all directions. 

Therefore, before the leads can be assembled, the winding 
ends should be bunched and arranged in a common hor¬ 
izontal plane by means of a bunching box, such as shown in 
Fig. 133. 

The bunching box should be large enough to accommodate 
all of the conductors. As a rule, the depth A of the box is 
made greater than the height of the wire, and the width B is 
5 mm greater than the thickness of a winding turn, i.e., 
the aggregate thickness of the bunched wires. The length 
of the box is anywhere from 250 to 300 mm. The actual 
dimensions of bunching boxes vary from transformer to 
transformer, since transformers of different capacities use 
different conductor sizes. 

Prior to bunching, the winding ends are straightened with 
a hamnaer on a portable steel block. First some of the wires 
in the bunch are laid in the box and straightened in a com¬ 
mon plane. Then the remaining wires are driven by hammer 
blows towards the box and threaded into the box. Now the 
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Assembly of Leads on the Core-coil Assembly 


box is moved to where the conductors branch oft from the 
windingj and the conductors are bent with an adjustable 
spanner to the drawing* In doing so, it is essential to main- 
tain the specified clearances to the top yoke bolts* 

The winding ends are secured in the beechwood cleats 
fastened to the top yoke clamp* Using the same fixtures, 
the winding ends are bent for connectioii to the line leads and 
into a star. 

The length of the conductors is measured off either to a 
template or as required by the actual arrangement. Sur¬ 
plus length is trimmed off with hand shears (Fig. 132). In 
order that loose ends will not get into the winding, the wires 
are first cut halfway through their diameter, the workman 
takes the nicked conductors with one hand and the nearly 
closed blades of the shears with the other and cuts off the 
wires. The cut-off ends should be put into a wastes box. 

Then the leads made in advance are placed in the requi¬ 
site positions, and the winding ends are bent and laid so 
thatthey touch the bar leads over the entire surface. If there 
is a notch in the bar lead, the winding ends should be divid¬ 
ed into two equal groups and each group laid on either side 
of the notch. This will keep the joint uniformly heated in 
brazing. 

For convenience the tongs should be put on the rack 
{Fig* 99) set to the requisite height. The joint is reliably 
clamped between,the electrodes of the tongs, current is 
turned on, the joint is heated and brazed. The finished joint 
should he thoroughly cleaned and filed (usually while it is 
hot). Each joint should be insulated from the beechwood 
cleats with a length of pressboard 0.5 mm thick or with a 
length of cable paper of a width equal to the height of the 
cleats plus 10 mm. The insulation should extend the same 
distance on either side of the cleats. 

59, Assembly of L,V, Leads on Size 3 Transformers 

The L.V. windings of Size 3 transformers in which the 
core-coil unit is attached to the tank cover are usually delta- 
connected. The assembly of the L.V. leads on Size 3 trans¬ 
formers is a more complicated operation. Their arrangement 
is shown in Fig. 134. 
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Assembly of Leads on the Core-coil Assembly 


The first step is to install vertical and horizontal beech- 
wood cleats 4, 5, 8, 9 and 10 on the top and bottom yoke 
clamps; The cleats are fastened to the yoke clamps and to 
each other by steel bolts 11. The bolt heads are placed on 
the clamp side and the steel washers 13 and nuts 12 on the 
cloat sido* 

Now the line leads 2 made in advance are clamped in 
the top horizontal cleats 4i Each lead should be insulated 
from the beech wood cleats with a pressboard wrap 5, The 
leads should he installed so that ample length is left for con¬ 
nection to the terminal bushings. The length {distance A) 
is ordinarily given in the lead assembly drawing, as meas¬ 
ured from the nearest beechwood cleat on the top yoke clamp 
or on the vertical strips. In Fig. 134 this distance is measured 
from cleat 4* The leads are first fastened to this cleat after 
the distance A has been adjusted and verified. Thus the cor¬ 
rect arrangement of leads depends on whether the distance 
K has been correctly measured for each lead extending from 
the reference cleat. 

At the same time the delta-connection leads are clamped, 
in the cleats 5, S, 9 and 10^ Each lead should be insulated 
from the cleats with synthetic-resin-bonded paper tubes 
7 or 14. The tubes 7 should extend the same distance on 
either side of the cleats. 

The winding wires are next straightened with a hammer 
on a portable steel block and are bent with a bunching box 
and an adjustable spanner for joining as shown in the draw¬ 
ing. The ends of the conductors should he thoroughly cleaned 
and excess length trimmed off. 

The line lead made from copper bar, the delta-connection 
lead made from round copper wire and the ends of the win¬ 
ding conductors are prepared for electric brazing as shown 

in Fig. 94. , 

The joints are made with portable electric brazing tongs. 
The joint to be made is clamped between the electrodes of 
the tongs, the foot-pedal switch is pressed to energize the 
transformer, and the joint is raised to the melting point of 
the solder. This temperature is maintained until the joint 
is fully filled with solder. Then the transformer is switched 
off, the tongs are removed, and sharp projections at the joint 
are smoothed down with a file while the joint is still hot. 
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60, Assembly of Leads on the Type ATMK-10010.5 
Moving-coil Voltage Regulator 

The arrangement of the leads on the Type ATMK-100/0.5 
moving-coil voltage regulator is diagraminatically shown 
in Fig. 135. If the coils of the regulator are wound with alu¬ 
minium wire, the leads are also usually made of round alu¬ 
minium conductors. For connection to the terminal bushings, 



Fig. 135. Diagram showing connections of the leads in Type 
ATMK-100/0.5 moving-coil voltage regulator 

the leads are fitted with terminal lugs made of copper an¬ 
gles or plates (see Fig. 121). 

The first step in the assembly of the leads on the regulator 
IS to mount the terminal bushings on the tank cover which 
also serves as the top plate of the operating mechanism 
(see Fig. 91). 
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Assembly of Leads on the Core-coil Assembly 


The sequence of operations for the ii^tallatioii of the built- 
up tereiinal bushings (see Fig. 55) is this. First, a rubber 
washer 9 is put on the terminal 1 to which a square steel 
nut it? is welded. Then the terminal and washer are inserted 
into the hole of the bottom shell 6 of the hushing so that the 
washer 9 and nut it? fit into the recess. Now another washer 
8 is placed on the bottom shell of the bushing, and the bottom 
shell together with the terminal are inserted into the 
hole in the tank cover. 

At the same time a pressboard washer 7 is placed on the 
tank cover from the opposite side, and the top shell 5 of the 
bushing is mounted. Next a pressboard washer i and a cop¬ 
per washer 3 are put on the end of the top shell of the 
bushing, and the bushing is clamped together by turning the 
nut on the terminal with a spanner. The procedure is the 
same for all of the terminal bushings. 

After all the terminal bushings have been mounted, the 
leads can be assembled. The arrangement of the leads is 
shown in Fig. 136.- The following procedure may be recom¬ 
mended for their assembly. 

First, the leads 7, 8, 9 and 15 are mounted and connect¬ 
ed to the terminal bushings A, B, C and 0. Then the leads 
7, 8 and 9 are fastened. On the bottom plate of the operat¬ 
ing mechanism the leads are clamped between beechwood 
cleats 1 and spacers 3 by bolts 2. The lead 15 is fastened on 
the tank cover between a beechwood cleat 10 and a spacer 11 
by bolts 17. 

The leads 12, 13 and 14 are connected to the terminals 
a,h and c and clamped in beechwood cleats 7 and 5 by bolts 
2 oJi the top and bottom plates of the operating-mechanism 
frame. The synthetic-resin-bonded paper tubes 16 should 
extend the same distance on either side of the beechwood 
cleats. To keep the bolts from working loose in service, they 
are locked by spring washers 5 placed in addition to steel 

washers 4, j i 4 . * 

The way the leads are clamped in beechwood cleats is 
shown in Fig. 137. The cleats have recesses of a width cor¬ 
responding to the outside diameter of the synthetic-resin; 

bonded paper tubes. , , 

Now the winding ends and leads are prepared for joining. 
The winding conductors are bent to drawing, their ends are 


K~K 



Fig. 136. Arrangement of leads on Type ATMK-100/0.5 moving-coil 
voltage regulator: 

1 —beechwood cleat; 2—steel bolt; 3—beechwood spacer; 4—steel washer; 5— 
spring washer; —connecting lead; 7 —lead C; 3—lead B; 9 —lead A; lo —beech¬ 
wood cleat; ii —beechwood spacer; /2—lead a; J3“-lead 6; 14 —lead c; i 5 —lead 
o; /d—synthetic-resin-bonded paper tube; J7—steel bolt 


15 * 
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Assembly of Leads on the Core-coil Assembly 


thoroughly cleaned, and surplus length is trimmed off. The 
leads are carried to the respective winding ends, and sur¬ 
plus lettigth is also trimmed off. The joints between the 
leads and winding conductors are degreased with aviation 
spirit or acetone and welded by the argon-shielded welding 


1 




Fig. 137. Clamping the leads of a moving-coil voltage regulator in 
beechwood cleats: 

a —to bottom plate of operatin^j lueohauism; 6—to top plate of operating mecha¬ 
nism; i—beechwood cleat; beechwood spacer; 3 —steel washer; 4 —spring 
washer; 5—steel bolt; *0 —steel bolt; 7—synthetic-resin-bonded paper tube; 
s —aluminium lead; 9—beechwood cleat; 20 —beechwood spacer 


process. The welded joints are hied to remove sharp pro¬ 
jections and ^ale. The joints between the leads and the 
winding ends A, B and C are banded with linen-hnished tape, 
while the joints between the leads and the winding ends a, 
b, c, X, y and 0 are insulated with two layers of half-lapped 
varnished cloth and banded with linen-finished tape. 


61. Insulation of Leads 

After the leads have been assembled and all the joints 
brazed or welded, the leads should be insulated. This is 
a simple operation which does not call for very skilled la- 
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hour. Yet, it must be done carefully. The leads should be 
insulated with varnished cloth and also with cable or cringed 
paper. The thickness and material of the insulation are usu¬ 
ally specified in the lead assembly drawing. 



Fig. 138. Insulating the joint between two synthetic-resin-bonded 

tubes: 


a —straight joint; 6—angle Joint; 1 —wire; 2 —synthetic-resin-bonded tube; 

S —Joint insulation 


The insulation is applied to form a half-lap. Strips of 
varnished cloth or paper should be up to 30 mm wide. The 
insulation should be applied in tightly fitting layers, smooth¬ 
ing down every next layer to the previous one. There should 
be neither folds nor voids between the layers. The 
thickness of the insulation should he checked with a gauge 
with a hole of the respective diameter. The joints between 
the synthetic-resin-honded paper tubes slipped over the 
35-kV leads should be insulated with strips of cringed or 
cable paper, Fig. 138 {a). 

Where tubes are joined at an angle, they should be moved 
as close as possible to the bend on the conductor, Fig. 138 (/>). 






























































































230 


Assembly of Leads on the Core-coil Assembly 


The length of the chamfered portion, M, should be 30 mm 
for tubes with a wall thickness of 4 mm and 40 mm for tubes 
with a'wall thickness of 6 mm. The length of the insulat* 
ed portion should be 4 mm greater than the diameter of the 
tube. 

In the case of leads made from Grade IIB insulated wire, 
only soldered or brazed joints should be insulated. 

To keep the insulation tightly wound, the insulated areas 
are banded with one layer of half-lapped linen-finished tape 
20 to 25 mm wide. If the insulation is not sufficiently thick 
or is loosely wrapped, a puncture may take place. 

Leads made of bare round wire or copper bar are given a 
coat of rO-95 alkyd varnish or No. 138 primer for their whole 
length except the contact surfaces. The insulated areas are 
painted all over. Prior to the application of the varnish, 
the conductors should be degreased by rubbing them with 
waste moistened with a solvent. 


Chapter 

6 The Drying of the Core-coil Assembly 


62. General 

The solid insulation of the core-coil assembly is mainly 
made of hygroscopic fibrous materials {pressboard, paper, 
wood). Although advantageous in many respects, which is 
the reason why they are widely used in transformer manu¬ 
facture, these materials suffer from a major drawback; they 
readily pick up moisture from the surroundings, which fact 
appreciably impairs their insulating qualities. 

By way of example, the breakdown voltage of a well- 
dried pressboard 2 mm thick is about 24 kilovolts. When 
the same pressboard carries 6.5 per cent moisture, the break¬ 
down voltage drops to as low as 18 kilovolts. When the mois¬ 
ture content rises to 10 per cent, which is the limit stipu¬ 
lated by the relevant standard, the electric strength of press- 
board is reduced to 13 kilovolts, which is only slightly more 
than half the electric strength of dry pressboard. Other fi¬ 
brous materials behave similarly. 

In order to drive off moisture from the solid insulation 
and to give it high electric strength, the core-coil assembly 
of a transformer is dried. On drying, the moisture moves 
from inside the material to the surface from where it goes 
into the surrounding air. 

The transfer of moisture from the surface of a material 
into the surrounding air is due to the difference in vapour 
pressure between the surface of the material and the surround¬ 
ings. The rate of moisture transfer from the surface of a 
material increases as the difference in vapour pressure in¬ 
creases. Therefore, for rapid drying it is essential to keep 
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The Drying of the Core-coil Assembly 


down the vapour pressure in the surroundings (i.e., in the 
drying oven) and to raise it on the surface of the material. 
The first requirement is satisfied by maintaining a vacuum 
in the drying oven, and the second by heating the core-coil 
assembly. 

If we measure the moisture content in the various ma¬ 
terials used as insulation in the core-coil assembly in the 
course of drying and relate the results to time, we shall 
obtain the drying chart of Fig. 139. The curve in the chart 



Fig. 139. Drying chart for a fibrous material (moisture content related 

to drying time) 

has two distinctive regions. In the region AB the moisture 
content varies but little, because at the beginning of the 
drying operation the damp materials are being heated and 
their temperature is not yet sufficient to cause the moisture 
to move to the surface of the material and into the sur¬ 
rounding air at a high rate. 

In the region BC^ the actual drying takes place. At first 
the moisture content diminishes at a high rate; then the rate 
slows down. At point C the drying is completed, because the 
material has the same moisture content as the surroundings, 
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(shown by the dotted line). In other words, an equilibrium 
is reached between the material and the surroundings, and no 
more moisture can be driven off. 


63, Drying Conditions 

The conditions for drying the core-coil assembly of Size 
1 through 3 transformers vary with their capacity, voltage 
class and design {the amount of solid insulation used). The 
drying process is performed in a vacuum-drying oven. 

The drying process usually takes 16 to 18 hours to com¬ 
plete and may be divided into three principal stages: 

—the temperature inside the oven is raised to a predeter¬ 
mined point; 

—the core-coil assembly is heated up; 

—the core-coil assembly is dried. 

The core-coil assembly has to be heated up in order to 
make the moisture move from the insulation into the sur¬ 
rounding air. The core-coil assembly placed in a vacuum¬ 
drying oven is heated up at lOOilO'^C. The time required 
to heat up the core-coil assembly (or several assemblies) de¬ 
pends on its weight (mass), the insulation design and the 
capacity of the transformer, and varies from transformer to 
transformer. For Size 1 transformers the heating-up time is 3 
hours, for Size 2 and 3 transformers it is 5 hours. 

During the heat-up, a vacuum of 200 mm Hg should be 
maintained in the oven to prevent the moisture from con¬ 
densing on the core. Some of the moisture is driven off from 
the insulation. The heat-up is followed by the drying run 
under vacuum. 

The vacuum in the oven is raised to 450 mm Hg over 15 
minutes and 720 mm Hg during an hour (the residual pres¬ 
sure in the oven should not exceed 4 mm Hg). At 100±10°C 
and a vacuum of 720 mm Hg, the moisture is driven off from 
the heated core-coil assembly at a high rate. Towards the 
end of the drying run the evolution of moisture ceases. The 
drying may be stopped if two measurements at one hour's 
interval show that no more moisture is given up. 

During the drying operation, a drying log should be kept 
where the following data should be entered; the tempera- 






















Fig. 140. Horizontal vacuum-drying oven: 

X —welded fank; 2—tank cover; 5—Type BH-6 vacuum pump; 4 —Type Mn-37 condensate chamber; 5—vacuum gauge; 6—steam 
heaters; 7—remote-indicating thermometer; 8 —pressure gauge; 9 —gate valve; lO —drip-pot; ii —truck; 12 —relief valve; 13 —va¬ 
cuum-release cock; 14 —exhaust pipe 
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ture in the oven as measured by a temperature indicator, 
the vapour pressure, the vacuum, and the amount of mois¬ 
ture given up. 

During the subsequent assembly the insulation of the 
core-coil unit inevitably picks up some moisture. If the 
moisture content is to be kept within safe limits, the core- 
coil assembly may be held in air for not more than 24 hours 
in the case of transformers in the 35-kV class and for not 
more than 48 hours in the 6-10-kV class. 

The quality of the insulation in the core-coil assembly 
is further improved by impregnating it with transformer 
oil in the tank. 

64. Drying Equipment 

The assembly shop of a transformer works will usually 
have several vacuum-drying ovens arranged in a variety 
of ways. The best arrangement is the horizontal placement 
of the ovens outside the transformer-assembly line. With 
this layout, the production (crane-served) area is used for 
its designated purpose of transformer assembly and the ovens 
do not interfere with the handling of parts or assembled 
transformers. Also, the core-coil assembly can be rolled 
conveniently into the oven on a truck. 

A horizontal vacuum-drying oven (Fig. 140) is a welded 
tank 1 with the framework lagged with graphitized asbestos. 
The lid 2 is mounted on a fixture by means of which it can 
be removed from and put on the tank. During operation, 
the lid is clamped to the tank by swing bolts. The tempera¬ 
ture inside the oven is raised to and maintained at 100-110°C 
by steam heaters arranged on the inside wall and bottom of 
the oven. On the outside both the tank and lid are lagged 
with thermal insulation in order to reduce heat loss. Vacu¬ 
um inside the oven is produced by a Type BH-6 vacuum 
pump. The condensate is collected in a Type MII-ST chamber 
set up on a specially designed support. 

The progress of drying is monitored by measuring the 
amount of moisture given up. The vacuum is measured by a 
vacuum gauge 5 while the temperature is indicated by a 
remotely indicating thermometer 7, 







































































Chapter 

7 Assembly of Terminal Bushings 


65. Bushing Components 

Terminal bushings are prepared concurrently with the 
assembly of the core-coil unit. The terminals are made 
of round copper bars threaded at both ends. The diameter 
of the terminal is 12 mm and more, depending on the current 
for which a given terminal bushing is rated. Terminals with 
a diameter of 24 mm and over are threaded at one end only. 
The other end is flattened into a spade lug. 

The first step in the assembly of a terminal hushing is 
to fit out the terminal. To do this, a steel or bronze cap 3 is 
screwed onto the terminal 1 for a distance given in the draw¬ 
ing, and the cap is locked by a lock-nut 2 (Fig. 141). If a 
terminal has one end flattened into a spade lug, the cap is 
put and not screwed onto the terniinal, and the length of the 
projecting end of the terminal is adjusted during the weld¬ 
ing operation. 

Built-up bushings intended for installation on the wall 
or cover of the transformer tank have no metal cap. Instead, 
a steel or copper square nut is screwed onto the terminal. 
To lock the nut in place, it is struck with a hammer to crush 
its thread. • 

The terminal tlius fitted out is heated in a gas-fired com- v 
partment furnace to fi00-700^C, and the cap or nut is welded 
to the terminal from the inside by the gas-welding process. 
The filler metal is brass, and the flux is borax calcined for 
3 hours at 700 °G. 

The welded joint is tested for tightness with compressed 
air on the fixture of Fig. 142. For the test, the terminal, 
with the cap welded to it, is inserted into the opening of 
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the detachable stage 7, the cap is placed with its end face 
onto the rubber ring 2 , and the screw 4 is tightened so that 
the face of the cap is pressed snugly to the ring. The 

joint between the cap and the 
terminal is painted with soap- 
I [[ j suds, using a brush 5, a pressure 

^ I of at least 1.5 atmospheres is 


Fig. 141. BusLlug torminal 
and cap: 

j — copper terminal: 2 — loclc- 


F\g. 142. Fixture Lo Lest Uie weld 
between tile terminal aiiil cap: 

/—detachable stage; a—rubber ring; 
termiual and cap; J—ecrew; ^—brush 


built up inside the cap, and tlie joint is watched for quo 
minute, if there are no soap bubbles at the joint, the ^veld 
is of good quality. In the case of poor welding, the joint 
is re-welded, and the soapsuds test repeated. Then the termi¬ 
nal and cap are tinned by a galvanic process, and the 
soapsuds test is applied again. 
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Assembly of Terminal Bushings 


66, Preparation of Magnesia Cement 

The t)orcelam shells or insulators of terminal bushings 
are bonded to the metal flanges by magnesia cement which 
produces a strong joint between porcelain and metaL Magne¬ 
sia cement consists of 36 per cent of caustic magnesite (by 
weight), 19 per cent of porcelain flour and 45 per cent of a 
solution of magnesium chloride (sp. gr* 1*2). 

Magnesia cement is prepared in a small metal container 
in a quantity which can be used up in 15 to 20 minutes. 
The ingredients are thoroughly mixed imtil a uniform fluid 
mass is obtained. The cement is poured at a temperature of 
not below 10""C, The cement sets in about 12 hours after 
it has been poured at 16°G. The hardened surface is given a 
coat of Grade 624-G nitrocellulose lacquer. 

Magnesite is very hygroscopic. Therefore, if the^ cement is 
to bo of high quality, it should be calcined at 700° to 750° C 
for 2.5 hours and kept in a hermetically closed container. 

The solution of magnesium chloride is prepared of two 
parts (by weight) of crushed crystalline magnesium chlor¬ 
ide and one part (by weight) of hot water. The mixture 
is stirred until all of the magnesium chloride is dissolved, 
and the solution is allowed to settle for five to six hours. 
If there is much sediment, the solution should be filtered 
through a piece of gauze and kept in a well-corked glass 
vessel. 


67, Assembly of Indoor 6-kV Terminal Bushings 

No special fi^:tures are required for the assembly of indoor 
6-kV terminal bushings. The bushing is mounted on the 
tank cover on a pressed flange placed on the annular shoul¬ 
der of the porcelain shell. 

The terminal 7, with a cap 2 wadded to it, is clamped in a 
bench vise (Fig. 143). Then a rubber washer 3 is inserted 
into the cap, and the porcelain insulator 4 is mounted. The 
rubber washer reliably seals the joint between the cap and 
the insulator. Next a pressboard washer and a metal washer 
are put on the terminal. The washers are topped by a nut 
which is tightened all the way down. 



67, Assembly of Indoor 6-kV Terminal Bushings 


For pouring magnesia cement, the assembled bushing is 
placed upright, with the cap down. The cement is poured 
into the space between the insulator and the cap from a 
glass ladle. After the cement has been poured, the bushing 


Fig. 143. Assembly of a 6-kV indoor bushing: 
i—terminal; 2 —cap; 3 —rubber washer; 4—porcelain insulator 


is left in the upright position for 12 hours until the paste 
hardens. Surplus cement and overflows are removed, and 
the hardened surface is given a coat of Grade 624-C nitro¬ 
cellulose lacquer. 

The terminal is fitted with washers and nuts at both 
ends for connection of a winding lead to the bushing and of 
the bushing to the external circuit. 
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68, Assembly of Outdoor 35-kV Terminal Bushings 

Olftdoor 35-kV terminal bushings are assembled in a 
special fixture (Fig. 144). In this fixture, bushings can be 
assembled with high precision and the cap and flange with 
which the bushing is fastened on the tank cover can be con¬ 
veniently cemented with magnesia paste. 



Fig, 144. Assembly of a 35-kV bushing in a fixture: 


h baseplate; 2 —cast-iron cap; &—rubber washer; 4—terminal; 5 —syn- 

Uietic-resin-ljondBd paper tube; porcelain insulator; 7—rubber gasket: 

flange; ^—fixture stud; Jd^ffxture top plate; fixturl nut 
/e—notched pressboard waslier; i.?—laminated-paper ring; 14 —nut; i5—washers 


68. Assembly of Outdoor 36-kV Terminal Bushings 
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For assembly, the terminal 4, with a cast-iron cap 2 weld¬ 
ed to it, is mounted on the baseplate 1 of the fixture. A 
rubber washer 3 is placed into the cap and a synthetic- 
resin-bonded paper tube 5 is slipped over the terminal. 





Fig. 145. L.V. bushings in a multiple mounting: 
a —double; b —triple 


Then the porcelain shell 6 is put on the cap, and a press- 
hoard washer is placed on the terminal. The washer has a 
cut-out which allows oil to flow into the shell. Tlie pres. 5 - 
board washer is topped by a paper-base laminate ring 13, 
and the nut 14 is tightened to clamp the bushing assembly 
together. 

The next step is to mount the cast-iron flange 8. To obtain 
a well-sealed joint between the insulator and the flange, an 
annular rubber gasket 7 is put on the shoulder of the shell. 
The flange is placed with its narrow end to the gasket. Now 
the studs 9 and nuts 11 are tightened to clamp the flange 
to the rubber gasket by the top plate of the fixture. 
As a result, the bushing is brought into a precisely upright 
position. It is essential that the gap between the shell and the 
llango be uniform all the way round the circumference. Then 
this gap and the space between tJie shell and the cap are filled 
with magnesia cement. 


16-1192 
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Assembly of Terminal Bushings 


For good results, the paste should be pouied iii a thin 
jet, giiviiig it enough time to spread evenly in the annular 
gap. The pouring, once started, should never be interrupt¬ 
ed, nor paste from different hatches used. Tho paste should 
he prepared in a quantity sufficient for a complete fill. 

After pouring the paste, the bushing should be allowed 
to stay in the upright position for 12 hours. Then surplus 
paste and overflows are removed, and the hardened surlace 
is given a coat of Grade 024-0 nitrocellulose lacquer* 

Now the nuts 14 and washers 15 are put on the top and 
bottom ends of the terminal for connection of a lead to the 
bushing and of the bushing to the external circuit. 


69. Assembly of Terminal Bushings on a Multiple Mounting 

L.V. terminal bushings for 800-1,400 amperes, both 
indoor and outdoor, are usually set up in double or triple 
mountings (Fig.-145). The procedure is the same as in the 
previous case, but greater care must he exercised. The termi¬ 
nal bushings set up in the same mounting should be equally 
spaced apart, and their terminals or spade lugs should run 
parallel to each other. 


Chapter 

8 Finishing and Tanking Operations 
(Stage Three) 


70, General 

After it has been dried, the core-coil unit comes in for 
the third stage of transformer assembly. In the third stage, 
it is finished and finally clamped, the tank cover is fitted 
out with accessories and mounted on the transformer, the 
terminal bushings are mounted, the leads are connected to 
the terminal bushings and the tapping switch, the core-coil 
unit is lowered into the tank, the cover is bolted down, and 
the transformer is filled with oil. Now the transformer is 
ready for testing and final finishing. 

Because of the great variety of transformer types and modi¬ 
fications, a detailed discussion of the tanking operation 
as carried out on all Size 1 through 3 transformers is ob¬ 
viously an unaltainable thing. Fortimateiy enough, they 
have many features in common, and for the purpose of dis¬ 
cussion they may he divided into three general groups. 

The first group embraces Size 1 transformers in which the 
core-coil assembly is not attached to the tank cover. Other 
Size 1 transformers and also Size 2 and 3 units in which the 
core-coil assembly is attached to the tank cover by the lift¬ 
ing rods may he placed in the second group. To the third 
group belong Type ATMK-100/0.5 moving-coil voltage 
regulators. The operations common to all of the various 
groups are described only once. 

Tanking is performed to the assembly and outline draw¬ 
ings of transformers. 

71. Painting of the Tank^ Cover and Conservator 

Good paintwork goes a long way towards preventing corro¬ 
sion. This is why special care must be exercised when paint¬ 
ing the tank, cover and conservator of a transformer. 


16 * 
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Finishing and Tanking Operations 


Paint can be applied by any of the three following naeth- 
ods: b^ spraying, by flowing, and by dipping. Spraying is 
the most commonly used of the three. The tool is a spray 
gun operating on compressed air under a pressure of 3 to 
6 atmospheres (gauge). Spraying offers high speed and good 
surface coverage. 

Fig. 146 shows a spraying outfit used where painting has 
to be done on a large scale. It consists of a spray gun 7, a 



Fig. 146. Spraying outfit incorporating a pressure tank: 

7 —paint-pressure tank; S—paint bucket; 3 —stirrer; 4 and 77—tubes; 5 and 
; 5 _rel!ef valves; 6—paint liose; 7—spray gun; 5 —pressure regulator; 9, JO 
and 29—air hoses; 11 and 79—air cocks; 72—felt gaskets; 73—leg; 74—drain 
cock; 73—coke; 76—oil trap 


pressure tank i, and oil trap 16^ a paint hose 6, and air hoses 
9, 10 and 20. 

The oil trap serves to remove water and oil from the air 
supplied under pressure from the mains over the hose 20. 
When the cock 19 is open, compressed air flows through a 
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tube 17 into the bottom portion of the oil trap, passes 
through a filter (which consists of a bed of coke and 
felt disks 12), a pressure regulator 5 fitted with a pressure 
gauge, the hoses 9 and 10, the pressure tank and into the 
spray gun* The oil trap is mounted on legs standing oil the 
floor and has a relief valve 18 and a drain cock 14 to drain 
oil and water. 

The pressure tank is a container fitted with a lid clamped 
to it by swing holts. The container houses a bucket 2 
for paint. The compressed air entering the tank through the 
pressure regulator forces the paint from the bucket into the 







gun; 


7—Up; 2—nozzle connection; 3—barrel- 4—needle- 
5-needIo^valve adju^; 
preasure regulator; 7-air nipple; 5-air ttibe 
9—handle; J^—release lever; 77—air valve /2— 
paint nipple; /3^nozzle; orifice 
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tube 4, through the cock 5, the hose 6 and into the spray 
ffim. The stirrer 3 agitates the paint in the bucket. 

The type 0-45 spray gun used in the outlit (hig. 147) has 
a barrel 3 with two separate passages, one for compressed 
air entering by a nipple 7, and the other for paint admitted 
through another nipple 12. Pressure on the release lever 10 
opens both the paint nozzle 13 and the air valve 77. The air 
atomizes the paint and blows it against the surface to he coat¬ 
ed. By insertion of an adapter into the gun, the spray or 
paint can be made flat, elliptical or round. ^ 

Where small parts are to be painted or painting done on 
a limited scale, use is ordinarily made of a spray gun to 
which a paint dispenser is attached. This eliminates the 
pressure tank and simplifies the spraying outfit considerably. 

The tanks, conservators, covers and other parts oi bize 1 
and 2 transformers are painted in a painting chamber (rig. 
148) The painted parts are lifted by a floor-operated mono- 
rail hoist and moved through a drier where the paint dries 
at about 80“C in an hour and a half. _ 

Assembled or dismantled Size 3 transformers (i.e., their 
tanks, conservators, etc.) are painted in a booth (r ig. 149), 
The booth has ample exhaust ventilation and a sliding roof, 
so that paint cannot get onto other parts in the area and work¬ 
ing conditions are greatly improved. The tubes leading to 
the exhaust header 3 are fitted with filters 5 which catch 
naiiit which might otherwise clog the exhaust and get into 
the surrounding air. The filters are cleaned at regular inter- 

Tho roof of the booth can slid open both ways. It is 
opened from the control panel just before a transformer or a 
transformer ifhrt is to be loaded into, or unloaded from, 
the booth, which is done by means of an overhead travelling 

The transformer to be painted is lowered onto the turn¬ 
table 2 in the centre of the booth, driven by an electric mo- 
tuF 

Painting is done from a truck riding a rail track 6. The 
truck can move as far as, and on to, the turntable. The work¬ 
man stands on the vertically extending platform which 
also carries a push-button station to control the turntable, 
ihe truck and the exhaust ventilation. 
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Finishing and Tanking Operations 


The truck enters the booth through a gateway 4 with slid¬ 
ing curtains. An interlocking system will automatically 
stop the motor, if the curtains are not drawn together. Also, 



Fig. 149. Booth for painting Size 3 transformer tanks: 

/—rolling roof; 2—turntable; 5—air outlet pipe; 4—booth doors; 5—filters; 

6 —rail track 


the transformer set up on the turntable can be turned on 
only if the trmck has been fully withdrawn from the booth. 
All of these features speed up work and add to the conve¬ 
nience and safety of personnel. 

The hermetically sealed lighting fixtures built into the 
roof can be so grouped as to illuminate the transformer side 
facing the truck in the best possible way. 

After the transformer side facing the truck has been 
painted, the workman backs the truck out of the booth and 
starts the motor of the turntable to make accessible another 
side. In this way, he can paint a transformer quickly and 
well without stepping down from his truck. 


71. Painting of the Tank^ Cover and Conservator 
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For good paintwork to be obtained, it is essential to 
clean thoroughly the metal surface to be coated. The tanks 
of Size 1 and 2 transformers are shot-blasted. After me¬ 
chanical cleaning, the surface is wiped with wastes, 
examined for possible defects and painted, if none is 
detected. 

The inside surfaces of the tank and cover are painted with 
Grade 624-G oil-resistant nitrocellulose lacquer, while the 
outside surfaces are coated with Grade €)CX-23 enamel after 
they have been given a coat of No, 138 primer to improve 
the adherence of the finish coat. The primed surface is allow¬ 
ed to dry in air for 24 hours before the finish coat is applied. 
If the finish coat were applied to a wet primer, poor paint¬ 
work would result, 

For some time past there has been a growing trend to 
use the flow method of paint application. The flow method 
gives excellent surface coverage and saves much paint, 

A simpler method of paint application is dipping 
which lends itself readily to mechanization. The dipping 
equipment consists of a largo tank, a conveyer and a 
drying chamber. Transformer radiators are painted by dip¬ 
ping. 

As stated earlier, transformers not equipped with con¬ 
servators have thoir tanks only partly filled with oil to 
leave enough space for oil expansion. As a result, moisture 
might condense on the inside surface of the tank cover ex¬ 
posed to air, and droplets of condensate might get into the 
oil. To avoid this, the inside surface of the tank cover has to 
be given a coat of an anti-condensate paint. An anti-conden¬ 
sate paint is usually made on the basis of Grade 624-C 
lacquer which cannot be used for the purpose alone. The paint 
is obtained by mixing 84 per cent of well-stirred Grade 
624-C lacquer and 16 per cent of well-dried beechwood 
sawdust. The mixture is applied as a continuous coating 
to the thoroughly cleaned inside surface of the tank cover. 
The coat should be 2 to 3 mm thick. A reduction in the coat 
thickness is intolerable even at isolated spots. 

The coated surface is then kept horizontal for at least 
a half-hour so as to obtain a uniform thickness throughout. 
Drying is done at 60° to 70°G for two hours. If dried in air 
at 16°C, the cover may be put on the tank after at least 
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five hours. If Grade 624-C lacquer is not available, the anti¬ 
condensate paint may be prepared on the basis of Grade 
rO-95 #ilkyd varnish, drying it at 60° to 70°C for 18 hours. 


72. Preparation of the Tank 

The tanks of Size 1 apd 2 transformers arriving for the 
third stage of transformer assembly are set up directly 
on the floor. The tanks of Size 3 transformers are mounted 
on stationary trestles set up over an oil-drain grate. The 
top platform of a trestle is raised to a height convenient and 
safe to work. 

When lifting a Size 3 transformer, the lifting ropes must 
be hooked on the four lifting lugs welded at the corners of 
the tank. Lifting by two lugs across a diagonal will partly 
deform the tank walls, and it will be difficult to lower the 
core-coil assembly into the tank. 

Before the tank of a Size 3 transformer is set up on a 
trestle, the drain plug in the bottom must be reliably sealed. 
The plug should be sealed with asbestos cord impregnated 
with Grade rO-95 alkyd varnish and held in air for three or 
four hours. The impregnated cord should be tightly wrapped 
around under the plug head. The plug is then screwed into 
its hole and tightened with a spanner as far as it will go. If 
this operation is properly done, a reliable seal will be ob¬ 
tained. 

After a tank has been set up on a trestle or on the floor, 
it should be examined in the inside for left objects or dirt. 
The left objects, if any, should be removed, and the dirty 
spots should he wiped clean with lint-free wastes. 

Next the frame on the top of the tank is wiped clean, 
and strips of oil-resistant rubber gasket are given a uni¬ 
form and thin coat of rubber cement with a rush. When the 
cement dries in 10 to 15 minutes, the rubber strips are 
placed on the top frame. The rubber should fit snugly to the 
frame between the holes for the cover bolts and the project¬ 
ing edge of the tank wall (Fig. 150). Special care must be 
exercised in placing rubber strips on the rounded corners. 
Lack of care may result in that the rubber will be squeezed 
inside the tank when the cover is bolted down onto it. 
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The joints between rubber strips should be made on the 
straight portions of the top frame. The joints must be made 
oil-tight without increasing the thickness of the gasket. 




Fig. 150. Tank top frame 
with a rubber seal instal¬ 
led: 

/—seal; 2 —top frame; 

3 —tank wall 


Fig. 151. A method for installing 
the cover rubber seal: 

1 and 2 —rubber strips; 3 —line of cut; 
4 —line of cut after joining 


Ordinarily, scarfed joints are used as shown in Fig. 151, 
with the strips scarfed for a distance of 30 mm from the 
end. 


73. Tanking of Size 1 Transformers 

Finishing of the Core-coil Assembly. Before the core¬ 
coil assembly can be finished and tanked, it should be thor¬ 
oughly inspected for mechanical injury on the windings, 
cracks and warpage in the wooden parts, misplaced and im¬ 
properly connected tappings. Defects, if any, should be im¬ 
mediately remedied. 

During the drying of the core-coil assembly, the insula¬ 
tion, wooden and pressboard parts shrink, and the coils and 
leads become loose. Therefore the first step in the finish¬ 
ing of the core-coil assembly is to take up any slackness 
in the coils by tightening the nuts on the tie-rods, thereby 
pulling the wooden coil-end blocks down onto the windings. 
Next the nuts on the studs of the top and bottom yokes are 
tightened as far as they will go. Then the bolts of the wooden 
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cleats, the terminal studs and fastening bolts of the tapping 
switch are tightened, with the contact shoes of the switch 
set inf the middle position. 

To prevent them from working loose in service, the nuts, 
the tie-rods and the bolts of the wooden cleats, tapping switch 
and other parts on the core-coil assembly are centre-punched 
at three points round the circumference. The core-coil assem¬ 
bly is then blown with .compressed air under a pressure of 2 
to 3 atmospheres (gauge) and, just before it is to be lowered 
into the tank, tested with a 1,000-volt megohmmeter for: 

—the insulation level of the tie-rods to the core and yoke 
clamps; 

—the insulation level of the H.V. and L.V. windings 
to earth and to each other (the insulation resistance should 
be not lower than 100 megohms); 

—open circuits in the windings and the tapping switch 
(the test should be done on each phase or between phases 
with the switch set in all possible positions). 

In the case of an open circuit in the windings or the tap¬ 
ping switch, the megohmmeter will read infinity. 

Tanking. After inspection, the core-coil assembly is lifted 
by an overhead travelling crane and held suspended to wipe 
clean the support bars of the core and to centre-punch the 
nuts on the bolts fastening the support bars at three points 
round the circumference. Then wooden blocks are placed on 
the angles welded to the inside of the tank, the core-coil 
assembly is inspected again and lowered on the wooden 
blocks. While lowering the core-coil assembly (Fig. 152), care 
must be taken to keep the wooden and current conducting 
parts clear of the tank walls, since otherwise the wooden 
parts or the insulation may be damaged. 

If the core-coil assembly hangs on the angles, it should 
be lifted by crane, the wooden blocks reduced in thickness, 
and the core-coil assembly lowered again. Make sure that 
the core-coil assembly is positioned in the tank correctly 
and that all the clearances from the windings and leads to 
the tank walls and other earthed parts conform to the draw¬ 
ing. Then the core-coil assembly is reliably locked on the 
angles by nuts. 

The shaft of the tapping switch is positioned by shifting 
the tapping switch on the core-coil assembly to a template 




Fig- 152. Tanking tlie co]‘e-coil asyeiubly of a .Size 1 transformer: 

slings; 2—core-coil assembly; 3 —tank; 4 —bushing pockets In tank 
wall; 5 tapping switch mounted on core-coil assembly; 6 —tapping-switch shaft 


Fig. 15,3. Mouiilliig a built-up I..V. Leniiiuul bii.Hljhig on a tank wall: 
7—terminal; ^—rubber washer; bottom shell; 4—presshoard washer- 5—top 
shell; If—oil gauge; 7—oU-gaugc elbow-sealing nut; 8 —fuse 
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which should be placed on the top frame of the tank. 
After the switch has been fixed, the ILV. and L*V, terniinal 
bushings may be mounted. If the core-coil assembly is not 
to he attached to the tank cover, use is made of built-up 
terminal bushings which are set up on the tank wall. Instal¬ 
lation of a hiiilt-up terminal hushing is shown in Fig. 153, 

A huilt-up hushing consists of a terminal 1 and two por¬ 
celain shells, bottom S and top 5. The terminal, with a 
steel square nut welded to it and a square rubber washer 
placed under the nut, is inserted into the botiom shell, 
and another rubber 2 washer is placed on the shoulder of 
the shell. The bottom shell of the terminal bushing thus 
assembled is inserted into the hole in the tank wall with 
the left hand, a pressboard washer 4 is placed on the project¬ 
ing end of the bottom shell, and the top shell 5 is seated 
over it with the right hand. 

Now two washers, one of pressboard and the other of cop¬ 
per, are placed on the terminal, and a brass nut is then run 
on with an opon-eud or a box spanner. The rubber washers 
make the joints in the terminal bushing oil-tight, while 
the pressboard washers make up for any surface irregulari¬ 
ties on the tank wall or the insulator. The same procedure is 
followed in the case of all the terminal bushings on a trans¬ 
former. After tile terminal bushings have been installed, 
the li.V. and L.V. leads are carried to them and tight¬ 
ened with two Ipck-niits. 

Before mounting built-up terminal bushings, they should 
be wiped inside and outside with wastes moistened with a 
solvent. 

The position indicator of the tapping switch is fastened 
on the tank cover with three screws. Then the operating 
handle is lifted off the shaft of the switch fastened on the 
yoke clamps and the cover is placed on the top frame of 
the tank. 

Next, bolts are inserted into the holes in the cover and the 
top frame, nuts are run onto tho bolts and tightened uniform¬ 
ly all the way round the perimeter of the tank with an open- 
end spanner or a Type 9r-12 nut-driver. Now the operat¬ 
ing handle is replaced on the switch shaft and locked with 
a stop screw. 

The oil gauge 6 (Fig. 153) is screwed into the nipple 
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welded to the tank wall. To obtain an oil-tight joint, the 
elbow of the oil gauge is wrapped with asbestos cord impreg¬ 
nated with Grade rO-95 alkyd varnish and clamped with a 
nut 7. The thermo pocket is mounted on the tank cover. 

This done, the No. of the transformer is stamped on the 
H.V. side of the cover and also on the plate welded to the 
tank on the L.V. side. 

The fuse (if any is specified in the drawing) should 
be mounted on an angle welded to the tank wall. 

After visual inspection, the transformer is filled with 
oil and watched for two hours for any oil leaks at the joints. 
If there is no oil leakage, the transformer is handed over to 
the testing station for tests. 

74. Tanking of Size 2 and 3 Transformers 

General. The tanking procedure in this case differs from 
the one described above. The cover is first clamped on the 
lifting rods, the leads are connected up, and then the core¬ 
coil unit is lowered into the tank together with the cover. 
Because of this, the sequence of assembly is somewhat 
changed. In the case of Size 3 transformers, tanking is done 
on stationary trestles set up over oil-drain grates, which 
fact makes work more convenient. 

Finishing of the Core-coil Assembly, Special emphasis 
is placed on the inspection and finishing of the core-coil 
assembly after drying. First of all, the coil spacers and 
the spacing blocks on the coil-end and yoke washers are 
checked for alignment. Then the winding cylinders and the 
wooden parts bracing the coils and leads are inspected. De¬ 
fects, if any should ho revealed, arc remedied at once. 

The first step in tlie finishing of the core-coil assembly 
is to take up any slackness in the windings by tightening 
the nuts on the tie-rods. The nuts should he tightened in 
turn, a little at a time, so that the yoke clamps are not 
cocked. As a result, the wooden blocks, coil-end collars 
and yoke washers will he clamped snugly to the windings. 

Now tho nuts on the studs of the top and bottom yokes 
are run down as far as they will go. The tie-rods, studs arid 
nuts are centre-punched at three points round the circumfe¬ 
rence to prevent them from working loose in service. 
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Before the tank cover can be placed on the tank, the lifting 
rods should be prepared for the operation (Fig. 154). To 
do thfs, the lifting eye 7^ nut 6 and washer 5 are removed from 
each lifting rod, while leaving the bottom nut 2 and 
washer 3 in place. The level at which they are left should 




Fig. 155. Batten to meas¬ 
ure the depth of a tanlc 


/—lifting roct; S'—bottom nut; 3 —bottom 
washer; 4—asbestos cord; 5 —top washer; 
top nut; 7—lifting eye; 8 —tank cover 


1 —wooden batten; 2 —arm; 
3 —set bolt; 4 —steel cap 


correspond th the height of the tank with allowances for 
possible deviations. 

Since the cover is mounted on the lifting rods which pass 
through holes in the cover, it is essential to seal these holes 
properly. This is done with asbestos cord impregnated with 
Grade rO-95 alkyd varnish and kept in air for three to four 
hours. The asbestos cord is wrapped several times around 
each rod and above the washer 5. 

The depth of the tank is measured with a wooden batten 
carrying a movable arm which can be locked in the required 
position by a set bolt (Fig. 155). To measure the depth of 
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a tank, the batten is lowered as 
far as the bottom, the arm is set 
a little above the top frame (five 
or six millimetres), and the arm 
is locked in that place with the 
bolt. 

After the depth of the tank 
has been found, the lifting rods 
2 (Fig. 156) are adjusted for it 
by means of the nuts 3 on the 
top yoke clamps so as to obtain 
this distance between the bottom 
surface of the support blocks 6 
under the bottom yoke clamp to 
the top surface of the tank 
cover. 

Since, prior to tanking, the 
weight of the tank cover is car¬ 
ried only by the nuts 5 and 
washers, the position of the cover 
is determined by the position of 
these nuts and washers on the 
lifting rods. 

For the proper location of the 
cover, the lifting rods should 
be properly positioned on the top 
yoke clamps. On the one hand, 
they should be reliably secured 
in the yoke clamps, on the other, 
they should not extend above the 



Fig. 156. Mounting the top 
nuts on lifting rods; 

1 —batten; 2 —lifting rod; 3 and 
5 —nuts; 4 —arm; 6 —support 

blocks 


cover more than is necessary for the washers, nuts and lifting 
eyes to he mounted on them. Account must also he taken of 
the threaded portion at the top ends of the lifting rods: it 
should be long enough for the nuts left on them to be run 
up or down, as the case may be. 

Installation and Fitting Out of the Cover. The cover 
is lifted by crane, using the fixture of Fig. 157, and is 
taken to the core-coil assembly. Then it is gradually low¬ 
ered, steering it so that the lifting rods fit into the holes 
ill the cover. Then washers are placed, and the nuts and 
lifting eyes are .screwed onto the rods. 


17-1192 
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Now the rods are reliably coupled to the cover and fi¬ 
nally locked in position on the top yoke clamps (Fig. 156). 
To do^this, the nuts on the bottom ends of the rods are 
tightened as far as they will go and centre-punched to 
prevent them from working loose in service. 



Some of the Size 2 transformers have lifting rods fast¬ 
ened to angl§s which are in turn bolted to the top yoke 
clamps. In such a case, the nuts should be also tightened 
as far as they will go and fitted with lock-washers. 

Next the cover is fitted out with all the accessories: 
the H.V. and L.V. terminal bushings, the tapping switch, 
the cock, the thermo pocket and others. On Size 2 trans¬ 
formers, the conservator and the relief stack are mounted 
after the core-coil assembly has been tanked. 

Both the tank and the cover should be oil-tight. There¬ 
fore special emphasis in fitting out should be placed on 
the joints between the accessories and the cover. The joints 
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are sealed with Oil-resistant rubber gaskets placed between 
the tank cover and the accessories. 

Round holes should be sealed with ready-made rubber 
rings. If such are not available, they may be cut from 
sheet rubber in which case too much rubber will be wasted. 

The flanges of the terminal bushings, the cover of the 
tapping switch, the cock and the thermo pocket should 
also be sealed with ready-made gaskets of oil-resistant 
rubber. Prior to installation, their locations should be 
thoroughly wiped with wastes. The H.V. and L.V. terminal 
bushings should be selected in accordance with the overall 
dimensions of the transformer. The outline drawing always 
specifies the distance from a terminal hushing to the cover, 
the number of watersheds on outdoor bushings and also 
the dimensions of the terminal or spade lug on the H.V. 
bushings. Therefore, prior to installation, the terminal 
bushings should be checked for size against the outline 
drawing of the transformer. 

The more recent trend has been towards using detachable 
terminal bushings. Detachable bushings axe easier to re¬ 
place in the case of failure, which can be done without 
lifting the core-coil assembly out of the tank. 

Detachable bushings can be mounted on the cover both 
before and after the tanking operation. Prior to instal¬ 
lation, the H.V. and L.V. bushings, examined and checked 
for dimensions, are rubbed with clean lint-free wastes 
moistened with a solvent and then wiped with dry wastes. 
This seemingly minor operation is very essential, because 
in the measuiement of the insulation resistance of the 
L.V, and H.V. windings in Size 3 transformers a dirty ter¬ 
minal bushing will appreciably increase the conductance 
over the surface of the insulator. Sometimes, this may 
result io a flash-over when the insulation is being tested 
with an applied voltage. 

With the porcelain shells thoroughly washed, the termi¬ 
nal bushings are mounted exactly as shown in the drawing. 
The nuts on the studs should be tightened gradually and 
uniformly all the way round the circle so that the cover 
is not cocked or the gaskets dislodged. 

After the terminal bushings have been set up on the 
cover, the tapping switch, cock and thermo pocket are 
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mounted. In all cases the nuts should be tightened uniform¬ 
ly all the way round the circle. The terminal studs oi the 
tapping switch should be tightened before installation on 

the cover. rr. i * n 

Preparation of the Core-coil Assembly for Tanking* It 
is extremely important to connect the tappings froni tho 
H V. winding to the switch and the L.V. and H.V. leads to 
the terminal bushings neatly and correctly, inamtaining 
the spacings and clearances specified in the drawing, hacii 
mil screwed onto a bolt should be tightened as far as it 
will go with a spanner and locked with a lock-nut for relia¬ 
ble fixation. The core-coil assembly is then blown with 
compressed air under a pressure of 2 to 3 atmospheres 
(gauge), and the terminal bushings are again wiped with 

dry wastes. . .. 

the filial step in the preparation of the core-coil as¬ 
sembly for tanking is to test the insulation level, includ¬ 
ing that of the tappings and leads. First, using a megohm- 
meter for at least 1,000 volts, the earthing is tested and 
also the insulation of the bolts on the top and bottom 
yokes to the core and yoke clamps, then the insulation 
level of the H.V. and L.V, windings to each other and to 

earth. t i a a 

The insulation resistance should be not less than luu meg¬ 
ohms If a reduced reading is obtained, the cause must 
he detected and 'remedied. The low insulation resistance 
of a terminal bushing is an indication of dirt on its sur¬ 
face; after it has been washed and wiped dry, the insula¬ 
tion resistance usually increases. 

The low insulation resi.staDce of a yoke bolt may he 
due to a short synthetic-resin-bmided paper tube, a damaged 
pressboai'd washer or accidental dirt. 

The cause of the reduced insulation resistance of the 
windings and bushings is more difhcult to ascertain. Most 
often the reduction is due to excessive moisture as a result 
of a long stay of the core-coil assembly in the air or because 
of improper drying; the damaged pressboard cylinder of 
the L.V. winding in Size 1 and 2 transformers; or a defec¬ 
tive porcelain shell in one of the terminal bushings. 

In order to determine the cause of the reduced insula¬ 
tion resistance of the windings, the leads should be discon¬ 
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nected from the respective terminal bushings, and their 
insulation level to earth checked. 

For the identification of the phase responsible for the 
reduced insulation resistance, the star-connected phases 
of the L.V. winding should be separated and checked sepa¬ 
rately. Defects, if any, should be remedied, and the insu¬ 
lation resistance measured again with a megohmmeter. 

The tapping switch is tested for contact, and the H.V. 
winding for open circuits also with a megohmmeter. The 
test should be done either on each phase or between phases 
in every position of the switch. In the case of an open 
circuit in the H.V. winding or the switch, the megohmme¬ 
ter will read infinity. 

Tanking. The core-coil assembly is lifted a short distance 
above the floor or the trestle with the crane slings attached 
to the lifting eyes screwed onto the top ends of the lifting 
rods. With the core-coil assembly held suspended, the 
support blocks thoroughly wiped clean, the nuts on the 
bolts fastening the blocks are tightened and centre-punched 
at three points to prevent them from working loose. 

After another inspection, the core-coil assembly is low¬ 
ered into the tank, exercising utmost care and following 
the instructions of the outline drawing. Sometimes it 
will suffice to push the core-coil assembly a little aside, 
and it will fit into the tank easily. When tanking, the 
core-coil assembly should be steered with two steel round 
bars about 300 mm long, inserted into the holes in the 
cover and the top frame of the tank. 

The correct positioning of the core-coil assembly in 
the tank is important from the view-point of both trans¬ 
former performance and transportation by rail. After the 
core-coil assembly has been lowered into the tank, its 
height is adjusted by tightening the top nuts 6 on the lift¬ 
ing rods a little (see Fig. 154). Then the core-coil assembly 
is lifted 400 to 500 mm above the top frame of the tank, 
the top nuts are backed off one turn, and the bottom nuts 
2 under the cover are tightened as far as they will go. Then 
the nuts are centre-punched at three points round the cir¬ 
cumference . 

Now the core-coil assembly, with the cover put in place, 
is carefully lowered into the tank. When the cover is within 
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100 to 150 mm of the top frame of the tank, two tapered 
steel nars 300 mm long are inserted into the bolt holes 
on the opposite sides of the cover, and the assembly is ma¬ 
noeuvred so as to “register” with the corresponding'holes 
in the top frame. With the bolt holes in the cover and 
the top frame thus lined up, the assembly is lowered all 
the way down. Usually, the holes in the cover and the 
top frame line up. They will not line up only if the tank 
has been distorted because the lifting slings were improper¬ 
ly attached in handling. 

Now bolts are inserted into the holes. Where the holes 
are not in registry, tapered steel bars should be driven 
into them with a sledge-hammer as far as they will go so 
as to align the cover and the top frame and to make it pos¬ 
sible for bolts to enter the holes. 

Next, nuts are run onto the bolts inserted into the re¬ 
spective holes. The nuts should be tightened either with 
a Type 3r-12 nut-driver (Fig. 158) or with a spanner having 
an increased leverage, going over from side to side of the 
cover and tightening the nuts uniformly. 

All the joints in the cover and the top frame of the tank 
should be reliably sealed. After the core-coil assembly 
has been tanked, the lifting eyes and nuts should be re¬ 
moved from the lifting rods, and asbestos cord impregnated 
with Grade rO-Q5 alkyd varnish should be looped several 
times around the lifting rods under the washers. After the 
asbestos cord has been wrapped around the rods, the washers 
are replaced, and the nuts are run down onto the rods to 
apply sufficient pressure to the asbestos packing. Then an 
earthing conSiictor is put on one of the lifting rods and 
fastened with a bolt to the cover or top frame of the tank* 
The lifting rods are now fitted with lifting eyes again* 

The next step is to mount the brackets for the conserva¬ 
tor on the cover. Then the conservator is set up on the 
brackets and fastened to them with bolts and nuts after 
a rubber gasket has been placed under the flange of the pipe 
connecting the connector and the main tank. On Size 3 
transformers, the conservator and the relief stack are usual¬ 
ly mounted on the cover in the welding shop. 

After the conservator has been fastened in place, the 
oil gauge is mounted. The elbow of the oil gauge is screwed 
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into the nipple welded into the side wall of the conservator. 
To make the joint oil-tight, asbestos cord impregnated 
with Grade rO-95 alkyd varnish is wrapped several times 
around the elbow, and a special nut is run on. 

Next the serial number of the transformer is stamped 
on the cover on the H.V. side near phase A and also on 
the nameplate welded to the tank. 

After visual inspection, the assembled transformer is 
filled with oil. Before that, the cock (if there is any) and 
the top plug on the conservator should be opened. Oil 
is poured through the bottom cock. As the tank is filled, 
the oil displaces the air from the tank through an opening 
in the conservator. 

When filling with oil, the oil gauge should be watched, 
since there is no other means to indicate oil level in the 
tank. Filling should be stopped when the conservator is 
filled half-full. All joints and connections should be 
thoroughly wiped with wastes. 

The oil-tightness of welded and other joints is checked 
by visual inspection after 2 hours in the case of Size 1 and 
2 transformers, and after 12 hours in the case of Size 3 
transformers. If no leaks are detected, the transformer 
may be handed over to the testing station for final tests. 

75, Tanking in the Case of the Type ATMK-lOOjO.5 
Moving-coil Voltage Regulator 

Tanking in the case of the moving-coil voltage regulator 
differs from the operation described in the previous section. 
Since each phase of the regulator is dried separately, the 
assembled core-coil unit mounted in the operating-mecha¬ 
nism frame needs no additional drying. 

Testing of the Core-coil Assembly. Prior to tanking, 
the core-coil assembly of the moving-coil voltage regulator 
is tested at the testing station for: 

— the d.c. (ohmic) resistance of the windings (for each 
phase separately); 

— the insulation resistance of the windings and the bolts 
fastening the coil frames; 

— the electric strength of the insulation of the windings 
and the operating-mechanism circuits; 


75. Tanking in the Case of Moving-coil Voltage liegalator 265 


the inter-turn insulation of the windings by means of 
an induced voltage during a trial run of the operating 
mechanism; 

the transformation ratio and the asymmetry of 
the secondary voltages with the short-circuited coils 
positioned at the top, middle and bottom of the fixed 
coils; 

“ no-load loss with the short-circuited coils at the ton 
middle and bottom of the fixed coils. 

Also, the operating mechanism is given a trial run dur¬ 
ing 10 to 15 minutes with the case earthed. The operating 
mecbanisni should work smoothly, without seizure, stops 
or heavy noise. The motor and hearings should not grow 
hot. 

During the test, the moving short-circuited coils are 
evened up with respect to the fixed coils. These operations 
cannot be fully carried out on a fully assembled regula¬ 
tor. Also, it is extremely difficult to remedy the defects 
of assembly, if there should be any. 

Tanking. After the tests, the core-coil unit comes for 
the third stage of transformer assembly. Before going 
any further, it is inspected for mechanical injury to the 
windings, leads, wooden parts and operating mechanism. 

Then all the bolted connections are examined and loose 
nuts are tightened. If the phase assemblies are not proper¬ 
ly fastened, the leads may he broken and the short-circuit¬ 
ed coils may I}e displaced in their frames in handling. 
Also the top and bottom yokes are examined for slackness. 
If necessary, the slackness is taken up by tightening the 
yoke bolts, and their nuts are again centre-punched to 
prevent them from working loose in service. 

Then the bolts fastening the frames of the moving coiLs 
are tightened and locked with another nut. This should 
he done with care so as not to damage the insulation of the 
frame bolts. Should the insulation be damaged, a short- 
circuited turn will be formed, causing local heating of the 
winding wire, because of which the regulator may fail 
completely. 

The bolts fastening the leads should be tightened as 
far as they will go. Good contact between the leads and 
the terminal bushings can be obtained by tightening the 
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nuts on the terminals. The clearances should conform to 
the drawing. 

The^terminal bushings should be wiped with clean wastes 
moistened with a solvent. Finally, the core-coil assembly 
is blown with compressed air under a pressure of 2 to 3 
atmospheres (gauge). 

Then the core-coil assembly is again inspected and tested 
with a megohmmeter for at least 1,000 volts for: 

•— the insulation resistance of the fixed coils to earth 
(it should be not less than 100 megohms); 

— the insulation resistance of the top and bottom yoke 
bolts to the core and the yoke clamps (the angle irons); 

— open circuits in the windings; 

— the insulation level between the clips of the frames 
carrying the moving coils; 

— earthing of the core. 

After the core-coil assembly has been inspected and 
tested as outlined above, a three-sling tackle 4 (Fig. 159) 
is hooked on the three lifting eyes 3 on the top plate of 
the operating mechanism, and the core-coil assembly 2 is 
lifted about 1.5 metres by an overhead travelling crane. 
While the assembly is held suspended, the tie-rods of the 
bottom plate are examined for fixation, the bolts are tight¬ 
ened and centre-punched, and the bottom plate is wiped 
clean with wastes. 

Before the core-coil assembly is tanked, the outline 
drawing should b& consulted in order to determine on which 
side of the tank the terminal bushings are to be located. 
In tanking, utmost care should be taken not to damage the 
assembly. In tanking, the core-coil assembly should be 
guided by two round steel baj^ about 300 mm long, insert¬ 
ed into the holes in the top frame and cover of the tank. 
Using these bars, the core-coil assembly is steered so as to 
line up the holes in the cover and the top frame. Then bolts 
are inserted into the holes. 

Next, nuts are run onto the bolts and tightened either 
with a nut-driver or with a spanner having an increased 
leverage. The nuts should be tightened uniformly, going 
from side to side of the cover and from nut to nut in equal 
steps. If the top plate of the operating mechanism is cocked 
(even insignificantly), it will not be rotated by hand. 


mm 



Fig. 159, Tanking of a moving-coil voltage regulator: 

/—tank; 2 —core-coil assembly; 3—lifting eye; 4—three-sling tackle 
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Then the cover (Uie top plate of the operating mecha¬ 
nism) is fitted witli a thermo pocket mounted on a ruhher 
gasket, and the nuts of the pocket are tightened uniformly. 

The oil gauge 2 (Fig. 160) is screwed into the thread¬ 
ed hoss 5 welded into the tank wall G. The threaded con¬ 
nection is sealed with asbestos cord impregnated with 
Grade rO-95 alkyd varnish and wrapped several times 



Fig. 160. Mounting the 
oil gauge on a moving- 
coil voltage regulator: 

1 —tank cover; 2 —oil gauge; 
5—oil gauge elbow; 4 —clamp 
nut; 5 —threaded bo5s; 6 — 
tank wall 



Fig. 161. Mounting of the core-coil 
assembly in the tank of a moving-coil 
voltage regulator: 

r—cap nut; 2—stop bolt; 5—nuts; tank 

wall; 5 —steel bushing; 6 —washer; 7 —as¬ 
bestos cord; 8 —tank bottom 


around the elbow 3 of the oil gauge. The asbestos packing 
is clamped By a nut 4. 

The serial number of the transformer is stamped on the 
cover and a wall of the tank. 

Special attention should be paid to the fixation of the 
core-coi] assembly in the tank. It is important to lock 
the assembly in as to prevent any displacement of the 
operating mechanism with respect to the tank walls. 

The location of the core-coil assembly in the tank is 
secured with three stop bolts 2 (Fig. 161) in the lower 
portion of the tank. After the core-coil assembly has been 
tanked, the bolts are screwed into the wall 4 so that they 
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hear upon the side of the lioltoiii pltile of tlio uiierating 
mechanism. To make the threaded cmiiietitloiiM oil light, 
asbestos cord 7 impregnated with Grade l'd> llfi tilkyd 
varnish is wrapped several times around the extenuil eiidM 
of the bolts and clamped with a washer 6 and nut 3, To 
prevent the holts from working loose in service, another 
nut 3 is screwed on top of the first nut. For better oil- 
tightness, the external ends of the bolts are fitted with 
cap nuts 1. 

After visual inspection, the assembled regulator is filled 
with oil through the bottom cock until the oil level is at 
the middle of the oil gauge. 

The welded and other joints are checked for tightness 
by visual inspection after two hours. 

76. Final Testing of Transformers 

Before it leaves the factory, every transformer, irrespec¬ 
tive of its capacity, is subjected to final tests to USSR 
State Standard 401-41 or to the manufacturer’s sped- 
fications. 

rOCT 401-41 and TOCT 3484-55 specify the following 
tests (in the order given): 

— the electric strength of the oil; 

— the insulation resistance of the windings; 

— the transformation ratio; 

— the winding connections; 

— the electric strength of the insulation with an ap¬ 
plied voltage; 

— the short-circuit (impedance) test; 

— the electric strength of the insulation with an induced 
voltage; 

— the no-load test; 

— the d.c. (ohmic) resistance of the windings; 

— the loss-angle measurement on Size 3 transformers. 

Ill the case of moving-coil voltage regulator, all the 

tests carried out prior to tanking are repeated. 

Final testing reveals any defects that may be passed 
unnoticed during the manufacture. An increased d.c. resist¬ 
ance indicates that there is poor contact at the soldered 
or brazed joints between the tappings and leads and in 
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the lapping switch. Any deviation from the (le.sigii trans¬ 
formation ratio or from the design winding connections 
will alio be revealed. Increased no-load loss and exciting 
current will occur if the top yoke has been improperly 
interleaved or there are several laminations missing in it. 

The insufficient thickness of the insulation, reduced 
clearances between current-carrying and earthed parts, 
improper drying, dirt on the core-coil assembly, and the 
poor quality of oil will result in the puncture of the trans¬ 
former insulation during the tests. 

Any defects revealed in a transformer will necessitate 
partial or complete disassembly of the transformer, involv¬ 
ing the waste of money and time. 

Each tested transformer is covered by an acceptance- 
test record and a certificate. 

77. Dismantling for Despatch 

Size 1 through 3 transformers are delivered to electric 
stations or substations by rail. Therefore, the dimensions 
of a transformer should conform to the railway loading 
gauge. 



Fig. 162. Loading gauge for Soviet railways: 

r^rail head level; 2—normal height ot flat-car platform; 3—maximum overall 
height of a transformer on an ordinary flat-car 


Size 3 transformers, when fully assembled, exceed the 
railway loading gauge (Fig. 162), which fact necessitates 
their partial disassembly. The parts that have to be 
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dismantled arc the relief stack, conservator, coiinocting 
pipework and mounting brackets. Also, the fittings and 
accessories which are not essential to the testing of a trans¬ 
former (such as the tubular radiators, truck, Buchholz 
relay, thermometer, etc.) are not mounted at the works* 
They are packed and shipped separately. 

The parts dismantled from a transformer are prepared, 
as.semhled and shipped together with spares. 

As a check on the. dismantled parts, they are entered 
in a special list which is attached to the other papers is¬ 
sued with each transformer. The dismantled-componenls 
list is the main guide for the foreman in charge ot the dis¬ 
mantling operation. 

After the linal tests, the transformer to bo dismantled 
for shipping is put on an oil-drain grate whore the welded 
and other joints and all the components that come in contact 
with oil are again checked for oil-tightness. Should an 
oil leak he detected during the inspection, the leaky places 
should he chalked, and the cause should he detected and 
remedied after a given component has been removed from 
tlio transformer. 

Concurrently with the check for oil-tightness, the compo¬ 
nents to be removed are prepared for dismantling. The 
components to be removed are identified by reference to 
the dismantled-components list and the outline drawing of 
the Iransformer, For convenience in the packing of the 
dismantled components, tags should be made from pres.s- 
lioard on which the number of the transformer should be 
stenciled, A hole should be punched in each tag, and the 
lags should be put on the parts being removed. 

The oil from the transformer should be drained to within 
7U-80 mm of the cover. The relief stack, conservator, con¬ 
necting pipework and mounting brackets are removed 
Irom the transformer by crane. To dismantle the relief 
slack, it should he secured by a sling to the crane, the 
ilaiige unbolted, and the rod supporting the relief stack 
detached. 

To remove the conservator, the nuts are unscrewed from 
the holts fastening the pipework and the mounting brackets, 

1 lie conservator is secured to lifting slings, lifted off by 
crane and placed on an oil-drain grate at a height convenient 
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for work. On the grate, the remaining oil is drained off, 
the oil gauge is dismantled, and its hole is closed with 
a tightfy fitting wooden plug. The oil gauge is sent to the 
store room where it is kept until despatch, and a blanking 
plate is fitted over the hole of the conservator flange. 

Any component removed from the cover leaves a hole 
through which metal objects, such as nuts or bolts always 
to be found on the cover during disassembly, may get into 
the tank. To avoid this, any hole in the cover should be 
immediately closed with a blanking plate secured tempo¬ 
rarily with two or three nuts. At the earliest possible con¬ 
venience, the blanking plates should be reliably bolted in 
place so as to keep the transformer air-tight. 

The following inscriptions should be stenciled on the 
tank: “Do Not Open Cock Before Blanking Plates Are 
Removed” and “When Filling with Oil, Unscrew Top 
Plugs to Let Out Air from Radiators”. 

After dismantling, the transformer is given final finishing. 


78, Final Finishing 

After the final tests, when the testing station has supplied 
the test records, the transformer is given final finishing 
which consists in the following: 

1. The electrical characteristics as determined by the 
testing station and the weight of the transformer are 
stamped on the nameplate, and the nameplate is attached 
to the plate welded to the tank on the L.V. side. 

2. Letter designations of the H.V. and L.V. terminals 
are secured on the cover or wall of the tank. 

3. Two tinfied washers are put on the tinned earthing 
bolt which is then screwed into the steel plate welded to 
the tank wall. The tapping switch is set in the middle posi¬ 
tion, the stop bolts are tightened on the cover of the tap¬ 
ping switch, and the sign reading “Caution: For Using 
Switch Refer to Instructions” is rivetted to the switch 
hood. 

4. A fuse is mounted (if specified in the order) on 
the cover or wall of the transformer tank, depending on 
the arrangement of the terminals. 

5. Oil-level marks are stenciled for different tempera¬ 
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tures on the conservator wall where the oil gauge is locat¬ 
ed. In the case of low-capacity transformers (not fitted 
with a conservator), oil-level marks are drawn on an angle 
which is then bolted to the top tank frame behind the oil 
gauge. A protective jacket is put on the operating mecha¬ 
nism in the case of a moving-coil voltage regulator. 

6. The inscription “Lifting Lug” is stenciled on the tank 
near each lifting lug. 

7. The paintwork where it is damaged (on the edges 
of the tank cover, bolts, etc.) is touched up with OCX-23 
lacquer. The current-carrying parts of the transformer 
are given a coating of petrolatum. The top of the thermo 
pocket is closed with a wooden plug. 

8. Seals are applied to the oil-drain plug, the oil-sam¬ 
pling plug and the oil-drain cock after a plug has been 
inserted. 

In the case of Size 3 transformers, final finishing is carried 
out after the components which may be damaged in transit 
have been removed. 

After final finishing, transformers are examined by a 
quality inspector. 
















Chapter 

9 ^ Labour Protection and Accident 
Prevention 


79. Labour Protection in the Soviet Union 

Labour protoction in tho Soviot Union is ensured by a 
system of measures which serve to maintain the health and 
safety of "workers. 

As a result of mechanization (especially of labour-con- 
suming, arduous and unhealthy jobs)* a number of harmful 
or dangerous occupations have been eliminated in the 
USSR and radical improvement has been achieved in the 
working conditions- All this is done within the framework 
of the Labour Protection Code and legislative measures of 
the government* 

The maximum working hours in the Soviet Union are 
seven per day (or six per day for some of the trades)* Over¬ 
time is not generally practised and may be allowed in 
exceptional cases only by permission of the factory trade 
union* Each worker is entitled to an annual paid leave of 
12 days during the first two years and additional three 
days after years* In some occupations hazardous to 
health an additional paid leave of 6 to 12 days is given. 
Persons under 18 are entitled to a monthpaid leave! 

While on leave, workers can stay at sanatoria ms, rest 
homes and recreation centres* The persons to be employed 
in hazardous trades are given a medical check-up at the 
time of engagement and are examined repeatedly at regular 
intervals* 

Child labour in the Soviet Union is prohibited. Persons 
under 18 work four to six hours a day and are never al¬ 
lowed to work over-time or at night. Every year the trade 
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union and management of each factory sign an agreement 
(in addition to collective bargaining) on measures for labour 
protection, accident prevention and factory hygiene. 


80, Accident Prevention 

The objective of accident prevention (or safety engineer¬ 
ing) is to identify and eliminate causes of industrial ac¬ 
cidents. The basis of activity is’ the study of the indus¬ 
trial processes and operations involved. 

In the Soviet Union, every factory has a safety-engineering 
room where workingmen are instructed in safety methods. 
Such a room is equipped with broad-sheots and displays 
on every operation and job, showing correct and incorrect 
work movements, good and bad tools* 

Every workman taking up a job at a factory is given a 
course of instruction in safety methods in the safety-engi¬ 
neering room. Also there are colour broad-sheets on acci¬ 
dent prevention posted near the work stations and on boards 
about the shop. Every newcomer is given repeated in¬ 
struction directly on the job. There are special safety in¬ 
structions for transformer assemblers based on a standard 
safety code. 

When walking about in the factory (outside the trans¬ 
former assembly department), every workman should be 
careful and follow pertinent regulations in view of the heavy 
traffic, of electric locomotives, motor vehicles and elec¬ 
tric trucks. 

81. Safety in the-Assembly Shop 

A transformer assembly shop or department consists of 
several independent areas where all the various operations 
involved in transformer assembly are performed: unhlad- 
ing and reblading of the top yoke, assembly of the L,V. 
and H.V, windings on the core, clamping of the windings, 
assembly and joining of the leads, fitting out of the tank 
cover, and tanking. 

Many of these operations are performed l>y means of an 
overhead travelling crane, working from ladders* There- 
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fore, the workman should follow all the rules of accident 
prevention. 

Before getting down to work, he should receive additional 
instructions from his superior (since not all of the fea¬ 
tures of the work in hand can be covered in written instruc¬ 
tions), examine his tools and fixtures (and replace defective 
ones). 

The components to be assembled should be laid out so 
as to have free access to them. The work station should be 
free from irrelevant objects. Use may be made only of 
portable lamps operating on 12 volts, because lamps for 
120 or 220 volts are dangerous. 

On no occasion should workmen stand or work under the 
transformer being carried by an overhead travelling crane. 
As soon as the crane operator gives a warning signal, they 
should move to a safe place. 

Drilling machines, universal shear-punch-bar cutters, 
copper-bar cutters and other equipment may be operated 
only by authorized and trained personnel. Prior to work 
on them, the machines should he checked for missing guard¬ 
ing devices. Any components may ho drilled only if they 
are clamped in machine or hand vises. 

When grinding a tool or cutting copper or aluminium on 
a milling machine or a circular saw, the workman should 
wear safety goggles. Women, if any are employed in trans¬ 
former assembly, should wear kerchiefs, since otherwise 
the hair may get cUught by the rotating parts of a machine. 

The core-coil unit should he assembled either on a bench 
or a rack of a size corresponding to that of the transformer 
and fitted with barriers. 

The top yoke should be unbladed not more than 12 to 
15 plates at a time. As a protection against cuts, the work¬ 
man should wear mittens. 

Gas torches used to burn off the insulation on conduct¬ 
ors should be adjusted for a small flame. Not more than 
five or six conductors in parallel may he burneii off at a 
time. It should be remembered that the insulation may 
ignite. After work, the torch should he immediately put 
out and the gas line shut off. 

Utmost care should be exercised in soldering or brazing 
the connections during the second stage of transformer 
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assembly. Brazing transformers should he energized only 
after their earthing has been checked and only with a cur¬ 
rent necessary for brazing (as given in the instructions). 
Brazing tongs should be in a good slate of repair and ensur¬ 
ing good contact. Leads should be welded with safety gog¬ 
gles on. Electric tools (nut-drivers, drills, etc.) should bo 
reliably earthed. 

When tanking, care must be taken not to leave any 
tools on the core-coil assembly or the tank cover. The tools 
not in use should be returned to their portable boxes or the 
rack, so that they will not fall (there may be people work¬ 
ing under the rack). 

Hoses should be connected to and disconnected from the 
air mains only with the shut-off valve closed. If not prop¬ 
erly connected, hoses may come off the nipples, and the 
issuing compressed air may injure both the workman and 
persons nearby. After work, the valve of the air mains should 
be closed and the hoses coiled. 

Lifting gear (where transformer assemblers are allowed 
lo use sucli) sliould' he handled with care. Before lifting 
a weight, tlie slings should ho examined for any damage 
and lifting capacity. Any lifting fixtures may be used only 
for their designated purpose: for lifting the windings, 
for lifting the cover, for lifting the core-coil assembly, 
etc. 

Workmen in the third stage of transformer assembly 
should take a shower daily. Hand washing with petrol or 
acetone must be discouraged, since the skin becomes sus¬ 
ceptible to diseases. 

Smoking in the transformer assembly shop may be 
allowed only in a specially reserved area. 

Every workman in the assembly shop should know how 
to use a fire extinguisher and what to do in the case of a 
fire. 

82, First Aid 

When properly observed, safety rules prevent accidents. 
Yet, for some reason or other, accidents do occur. To cope 
with them, every factory has a well-equipped medical 
service working on the round-the-clock basis and staffed 
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by experienced physicians. In the case of certain injuries, 
however, it is important to render first aid to a victim 
immediately, without waiting for a doctor to arrive, since 
even a minute’s delay may prove fatal. 

This is the reason why every man in the assembly shop 
should be well-versed in the basic rules of first aid, al¬ 
though a physician must be called in all the same. 

Medical attendance is a “must” in the case of a severe 
wound, injury or electric shock. In the latter case, the first 
thing to do is to free the victim from contact with current. 
If the victim is unconscious, but breathing is normal and 
the heart has not stopped, it will suffice to facilitate breath¬ 
ing (by unbuttoning the collar, unbuckling the belt, etc.) 
and to allow fresh air to reach him (by opening the door, 
window, sash, etc.). It will be a good thing to put a cotton 
wad soaked in ammonia water to his nose. As soon as the 
victim has come to, he should be taken to the medical 
department on stretchers. 

If the victim has ceased breathing or is breathing spas¬ 
modically and the heartbeat is uneven, apply artificial 
respiration at once. 
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Accident provontion, 275 
Active power, 20 
Alloy steels for transformer 
cores, 25 

Aluminium, 113-15 
Aluminium leads, welding, 89 
Apparent power, 25 
Argon-shielded welding, 192-95 
Assembly operations, 127 
first stage, 127 
second stage, 127, 174 
third stage, 127, 243 
Assembly tools, 129-34 
Autotransformer, 43-46 
Auxiliary materials, 124-26 
Axial forces, 35, 39 
Axial shrinkage, 72 
Axial stresses, 74 


B 

Back-e.m.f., 14 
Bar cutter, 196 
Beechwood, 118 
Bench vise, 129-30 
Bonder, hand-operated, 201 
Bonding machine, 198 
Bolted joints on bads, 89 
Bonded joints, testing, 190 


B(3nding, 187-91 
bench-tool, 187 
Brass, 115 

Brazing, electric, 178 
safety in, 276-77 
Brazing machine, air-operated, 
184 

portable, 178 
stationary, 182 
Brazing press, 182 
Breather, 104 
Buchholz relay, 105, 107 
Built-up boards, 121 
Bursting force, 34 
Bushings, 65 
Butt joints, 68-9 


G 

Cable paper, 117-18 

Cable shears, hand-operated, 219 

Calipers, 132-34 

G-cramps, 130 

Circulating current, 55, 58 

Clearances, 143 

Coil-end insulation, 79, 139, 142, 
146-47 

Coil-lifting fixture, 152 
Coils, 64 

assembly on core, 152 
axial dimensions, 149, 157 
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preparation for assembly, 151 
testing for open-circuit, 149- 

ai 

testing for short-circuit, 149- 
51 

Gold chisels, 130 
Gold pressure welding, 187-91 
Golaphouy, 125 
Gomplcmentary losses, 29 
Gornpulsory tests, 173 
Goncentric windings, 30 
Gonductor materials, 110-15 
Gonservator, 262 
Gontinuous-disk winding, 77 
Gooling system, 60-62 
Gopper, 111-13 
Gopper leads, brazing, 89 
Gore, 64 

elimination of dents and 
nicks, 138 
materials, 122-24 
preparation for assembly, 138 
types, 67 

Gore-coil assembly, .64 
clamping-up, 160-66 
drying, 231-35 
finishing, 251, 255 
preliminary tests, 173 
Gounter-e.m.f., 14 
Gover, installation and fitting 
out, 257 

Grepe paper, 118 
Grimping, 184 * 

Grimping tool, 184-86 

D 

Dehydrator, 101 
Delta connection, symbol, 47 
Designation, transformer wind¬ 
ings, 46-7 

Dismantling for despatch, 270-72 
Double-layer winding, 74 
Ducts, 75 


E 

Earthing, 73 

arrangements, 73 
connection, 161, 166 
electric tools, 277 


Eddy currents, 14, 16, 19 
loss, 16 

reduction, 16, 24 
Efficiency, transformer, 32 
Electrical materials, 110 
Electrical-sheet steel, 122-24 
Elliptical cooling tubes, 99 
E.rn.f., effective value, 17 
self-induction, 20 
Enamel, 120 

decorative, 126 
End rings, 72, 149 
Exciting current, 14, 17 
Expansion bends, 212 
Expansion tank, 67 
Explosion stack, 108 
Explosion vent, 67 


F 

Files, 130 

Filling strips, 148-49 
Final testing, 269-70 
Finishing operations, 243 
Flexible connectors, 89, 203, 205- 
06 

Force of repulsion, 35 


G 

Gas formation relay, 67, 105, 107 
Gas torches, stripping, 276 


H 

Hack-saw, 131 
Hammers, 130 
Hand vise, 130 
Heat dissipation in core, 16 
Heat loss, 12, 24, 58 
in primary, 20 
reduction, 12 

Heat transfer in transformer, 60 
Hole marker, 206 
Hoses, use of, 277 
Hottest-spot temperature, 115 
H.V. winding, 18 
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\ 

Hysteresis, 19 
loss, 16 

I 

Impedance voltage, 30-2 
Impressed voltage, 19, 20 
Inductive reactance in transfor¬ 
mer, 27 

Insulation materials, 65, 115-22 
classes,116-17 

Insulation resistance tests, 260 
Interleaved joints, 68-9 
Interphase barriers, 146 
Iron loss, 20 

reduction, 24 


J 

Jack bolts, 72 


K 

kVA rating, 25 
L 

Labour protection, 274 
Lacquer, nitrocellulose, 126 
Laminated boards, 121 
Laminations, 16 
Leads, 65, 87 

arc welding, 175 
assembly, 210-22 
cleats, 89 

connection to flexible con¬ 
ductors, 206 
contact lugs, 206-06 
from round wire, 202 
manufacture, 196-203, 210, 
216-17 
marking, 48 
polarity, 48, 50 
resistance welding, 176-78 
soft soldering, 175 
twisted, 202 
twisting tool for, 202 
types, 196, 

Leakage flux, 18, 20, 27 
Lifting gear, use of, 277 


Lifting rpdNf 73 
Load loiMf 24 
Locking strips, 149, 
Looping tool I 212 
Loss angle, 19 
L.V. windings, 18 


Magnesia cement, preparatiOQt 

238 

Magnetic circuit, def,, 14 
Magnetic leakage, 30-^2 

direct measuretnciil, 30 
Magnetic satnratdon, 10 
Main magnetic flux, 17 
Major insulation, 78 
Maximum safe teiupuratuns ftO 
Mechanical forces lit tNtnsforiii* 
er, 27, 32 

Mechanical stresself 33| lOB 
radial, 145 
Minor insulation, 78 
Moving-coil voltage riguUilPi 
sernbly, 100-73 
hushing installatlotti 888 
core-coil testingt 864 
design, 167 
lead assembly, 88B 
packing out, 167^8 
tanking, 266 * 

top yolce robladtfigi 109 
Multiple-layer wliidtngi 71 
Mutual magnetic flllX, 17 


N 

a ers, 131 

jacl current, 17 
No-load loBflos, 20 
No-load vocLor tUagriiiiL 10 


0 

Off-circuit Lap clmrigiMVi 
Off-circuit tap clmiifcfilllL 81 
Oil-barrier JiiHiiltitltin, 78 W 
Oil conservator, 67, I0!l 04 
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Oil ducts, 79, 161 
Oil filling operation, 264, 269 
Oil level gauge, 67, 104-05, 254, 
261, 568 
reflex type, 105 
window pattern, 105 
Oil level marks, 272-73 
Oil resistant transformer rubber, 
125-26 

Oil seal, 104 
Oil thermometer, 67 
On-load tap changing, 65 
On-load voltage control, 65 
Optional tests, 173 


P 

Packing material, 103 
Packing out, 144-46, 155 
Packing strips, 79 
Paint, anti-condensate, 249 
Painting, dipping method, 249 
flow method, 244, 249 
spraying method, 244-45 
Painting booth, 246-49 
Painting chamber, 246 
Paintwork, 243 

Parallel operation, requirements 
for, 53-58 

Parasitic currents, 16 
Phase displacement indication, 
50 

Pliers, 131 
Porcelain, 122 
Portable drills, 131-32 
Pressboard, 117 
Pressure rings, 72, 149 
Primary, 18 
circuit, 14 
current, 14 
Primer, 126 
Punchings, 16 


R 

Radial forces, 35 
Ratio adjuster, 65, 81 
Reblading operation, 70 
Relief stack, 67, 108 


Rosin, 125 

Rubber, transformer, 125-26 


S 

Safety in assembly shop, 275- 
76 

Screwdrivers, 130 
Secondary, 18 
Secondary circuit, 14 
current, 14 
e.m.f., 14, 28 

Self-protection of transformer, 
27-9, 32 

Shell-type core, 67-8 
Short circuit,26 
current, 27 
voltage, 30 

Side identification, 146 
Silicon steel, 16 
Single-layer winding, 74 
Skinning, wire, 141 
Slackness, elimination, 251 
Soldering, fluxes, 124-25 
paste, 125 
safety, 276-77 
soft, of leads, 175 
Solders, 124 
Spanners, 130 
Spiral winding, 75 
Spray gun, 244 
Spraying outfit, 244-45 
Stampings, 16 

Star connection symbol, 47 
Step-down transformer, 18 
Stripper, 211 
Stud holes, 73 

Synthetic-resin-bonded paper 
products, 122 


T 


Tank, 65, 98-9, 

preparation, 250 
Tanking operation, 252, 261 
testing, 261 

Telephone-cable paper, 118 
Temperature at short circuit, 2S 
Temperature indicator, 109 
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TemperaUiro rise of transformer 
windings, 59 
Terminal busltings, 90 
assembly, 236-42 
built-up, 97, 236, 252, 254 
li detacliable, 95, 259 
flanged, 97 
indoor, 92, 238-39 
multiple mounting, 241 
outdoor, 92, 240-41 
plain type, 92 
sheddea type, 92 
TJicrmometers, 108-09 
Throe-phase transformation by 
single-pbase units, 40 
Th roc-phase transformer, 39-41 
Three-winding transformer, 41-3 
Tie-rods, 68, 72 
Tongs, brazing, ISO 
Top yoke, reblading, 157-60 
unblading, 136-37 , 
unclarnping, 134-36 
Transformation ratio, 18 
Transformer, 9, 13 
at no-load, 17 
efficiency, 25 
energy transfer in, 13 
operating principle, 13 
principal units, 9 
purpose of, 11 
step-down, 13 
step-up, 13 
under load, 21, 26 
useful power, 25 
Transformer assembly, first 
stage, 9 

second stage, 9,10 
third stage, 9, 10 
Transformer core, 16 
Transformer insulation, 78-9 
Transformer oil, 65, 121 
Transformer steel, 16 


Transformers in parallel, 50, 
53-8 ' 

Transposition methods, 75 

Truck, 65, 102 

Tubular radiators, 100 

Tubular tank, 99 

Turns ratio, 17-8 

Types of cooling systems, 60-62 

U 

Unblading, 70 

Universal shear-punch-bar cutter 
202 

Useful power output, 32 

V 

Varnished cloth, 118-19 
Varnishes, 119-20 
Vector diagram under load, 22-3 
Vector groups, 50-1, 53 
Vernier calipers, 134 
Voltage control, 37-9 
taps, 37-9, 78 

Voltage drops in transformer, 28 
W 

Welded joints, soapsuds test, 
236-37 

Windings, 64, 73 

in core type transfornier, 70 
types, 74-8 
Wraps, 140, 142 

Y 

Yoke clamps, 72 
Yoke insulation, 79, 142, 147 
Yokes, 70 
Yoke studs, 72 


V 
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